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Accidental or intentional adulteration of valuable food/herb components by 
inferior or even harmful substances is not uncommon, especially in Chinese 
medicines and high-price food commodities. Proper food identification can provide 
promising assistance to the delivery of primary healthcare and assurance of food 
safety. On the other hand, many food products are associated with processing to 
generate derivative products which lose the morphological features for identification 
but possess longer shelf-life and better format for transportation and distribution. 
Molecular authentication must then be developed. This study examines the treasured 
traditional Chinese medicine Dongchongxiacao and food abalone as examples. 
Cordyceps (Dongchongxiacao), a valuable traditional Chinese medicine, is 
composed of the fruiting body of Ophiocordyceps sinensis (Family: 
Ophiocordycipitaceae) on a caterpillar of some ghost-moth species (Family: 
Hepialidae). According to Chinese Pharmacopoeia, it can soothe the lung and 
replenish the kidney. Pharmacological studies showed Dongchongxiacao is beneficial 
to circulatory, immune and respiratory systems. Due to its multiple "potential" 
functions, the market demand for it has increased sharply since 1990s, especially after 
the outbreak of severe acute respiratory syndrome (SARS). However, the distribution 
of this fungal-insect partner is restricted in high altitudes on the Qinghai-Tibetan 
plateau and the wild ones are expensive. Counterfeits and adulterants have been 
reported. In this study, morphological observations and molecular authentication by 
forensically informative nucleotide sequencing (FINS) based on sequences of nuclear 
internal transcribed spacers (ITS) of rDNA repeats, nuclear large ribosomal RNA 
subunit (nrLSU), partial translation elongation factor la (EF-la) gene and the largest 
subunit of RNA polymerase II (rpbl) were applied to identify the fungal part of this 
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herb, while those of mitochondrial cytochrome b (CytB) and cytochrome c oxidase I 
(COI) regions were used in checking the caterpillar identities of a total of 26 
individuals from 22 Dongchongxiacao samples collected from Hong Kong markets. 
Moreover, since contamination by potassium alum has been reported, qualitative 
determination of potassium alum was also performed. The similarity in morphological 
features among samples and the absence or incomplete parts have made accurate 
species identification of samples difficult. However, aided by morphological 
observations, molecular marker by chloroplast trnH-psbA intergenic spacer region 
confirmed that one sample contained an adulterant derived from the rhizome of 
Stachys species. Eighteen out of 26 samples were genuine products of O. sinensis. 
Five samples were Cordyceps gunnii from China and one was Metacordyceps taii\ 
both species are common adulterants. One sample was confirmed to be contaminated 
by potassium alum. These molecular markers, together with morphological 
observations and fast chemical tests, revealed that six out of 22 samples retailed in 
Hong Kong were adulterated by other Cordyceps species or contaminated by 
potassium alum. Caterpillar identities of most genuine Dongchongxiacao individuals 
were confirmed to be Hepiabis armoricanus’ H. menyuanicus or H. yushuensis, the 
reported source species of O. sinensis. However, the exact host species of one genuine 
sample and all six "C gumii" from China and M, taii remained unknown; FINS 
analyses of both CytB and COI regions suggested that these genuine and adulterant 
samples parasitized on different moth caterpillar hosts. Molecular results also 
demonstrated that samples generally identified as "C. gtmnii" in China was not 
con-specific with Tasmanian samples. 
Abalone (Genus: Haliotis, Family: Haliotidae) tops the list of the four treasures 
from the sea in Chinese cuisine and food culture, and is considered as a high-priced 
food commodity. It is also regarded as a tonic for yin-enrichment and nourishing the 
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lungs and liver. Hong Kong is a major entrepot of abalones, involving some 48% of 
the global import market. Morphological observations and FINS analyses based on 
mitochondrial 16S ribosomal DNA (16S rDNA) and COI regions were applied to 
analyse 15 abalone and gastropod samples retailed in Hong Kong. Four forms of 
whole abalone samples: fresh, frozen, dried and canned were found in addition to 
sliced products. Only fresh abalones and gastropods contained shells while all other 
samples were without shells, making identification difficult. Molecular analyses of 
both 16S rDNA and COI regions confirmed that all whole abalone samples were 
authentic and derived from various Haliotis species, including H. asinina, H. 
corriigata, H. discus, H. diversicolor, H. iris, H. midae, H. rubra and H. rufescens. 
All sliced products, on the other hand, matched the sequences of various gastropods 
other than Haliotis species, suggesting the presence of adulteration. Additionally, 
among frozen items, "Chilean abalone" was confirmed as locos {Concholepas 
concholepas). A //a//o//5-specific primer based on mitochondrial 16S rDNA region 
was successfully designed and applied, together with universal primer 16H, for 
differentiating authentic Haliotis products from adulterants by amplifying an 
、 approximately 320-bp i/a//ofe-specific band, to facilitate rapid and reliable 














nucleotide sequencing (F INS)透過核 ITS (ITS)、核糖體大亞基（nrLSU)、轉 
譯因子 l a片段（E F - l a )和R N A聚合晦大亞基 I ( r p b l )序列鑒定共2 6個從 
22個市售冬蟲夏草樣品抽樣的樣本的真菌部份，並以線粒體細胞色素B (CytB) 
























有全隻的鲍魚均是來自鮑屬 (Mct l ioUs spp.)的正品，當中包括驢耳鮑螺（//. 
owmwa)、才兆紅鮑螺{H. corrugafa)、鮑螺(H. discus)、九子L螺{H. diversicolor)、 
紐西蘭鮑螺 ( M . iris)、南非鮑螺（汉midae)、黑鮑(JL rubra)和紅鮑螺(JL 
rufescens)，但所有「乾鮑片」產品均屬偽品，由鲍屬以外螺綱的其他品種製成， 
另外在急康鮑魚中，智利鲍魚實則是智利鮑螺似ncholepas concholepcts) 0本f： 
驗亦以線粒體16S rDNA片段尋找鲍魚特有片段設計一引物，並與通用引物16H 
一同對以上鮑魚和螺綱產品進行擴增反應，正品鲍魚產品，擴增片段約為320bp， 
此方法能有助快速並可靠地鑑定鮑屬(i：切//•0//S spp.)產品。 ‘ 
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Chapter 1 Introduction 
1.1 Food and herb authentication 
1.1.1 Background and definition 
Food adulteration has been a problem since food supplies are commercialized 
over many centuries (Dennis & Ashurst 1996; Winterhalter 2007). In the past, the 
principle of 'caveat emptor, (let the buyer beware) was widely practised (Dennis & 
Ashurst 1996). However, accidental or deliberate adulteration of valuable food 
components by inferior or even harmful substitutes is prevalent, especially in 
Chinese medicinal herbs and high-priced food commodities. The misrepresentation 
of food to maximize profit (Dennis 1998) reflects human nature and the final losers 
in most situations were the consumers who could only depend on product labeling 
and advertising to provide details of the nature of a product (Dennis & Ashurst 
1996). 
Public awareness regarding the composition of food and herbal products has 
been reinforced by a variety of recent food scares, food-borne diseases and food 
poisoning events (Teletchea et al. 2005). In order to safeguard the public, the 
responsibility of food safety has shifted to the governments. Various food safety 
agents, such as the US Food and Drug Administration (http://www.fda.gov) and 
Hong Kong Center for Food Safety (http://www.cfs.gov.hk), together with the 
enforcement of food legislation, were found in different countries. However, reliable 
and convenient methodologies and analysis methods for food authentication are 
required to facilitate forensic measures. 
Food authentication, defined in Dennis's review (1998), is the process by which 
a food is verified as complying with its label description. In a broad sense, it can be 
defined in aspects of the species, geographic region of origin, process and brands 
1 
(Dennis & Ashurst 1996). However, food labels could not guarantee the true contents 
of the product, identification or authentication of food and herb components is 
necessary to avoid illegal substitutions. Food authentication, instead of solely a 
process that identifies possible substitutions, is also a risk analysis to understand the 
supply source, possible adulterants and potential hazards to the public. 
1.1.2 Importance of species identification in food and herb authentication 
Species identification is a crucial step in food and herb authentication. Complete 
substitution of one species for another or mixing authentic product with a similar but 
less expensive alternative is the most common form of food and herb adulteration 
(Dennis & Ashurst 1996). The detection of food and herb products to species level, 
in order words "species identification", is important to ensure proper delivery of 
primary healthcare, food and herb safety and conservation. 
1.1.2.1 Primary health care 
Nowadays, plant, animal and micro-organisms continue to play an important 
role in health care, especially in Asian countries (Shaw et al. 2007). The World 
Health Organization (WHO) has estimated that approximately 80% of the world's 
population is using traditional medicine for primary health care (Tomlinson & 
Akerele 1998) and traditional Chinese medicines (TCM) are becoming more popular 
in the West nowadays (Yip et al. 2007). Moreover, there is more and more health 
foods known as functional food or dietary supplements in recent years (Shaw et al. 
2007). Health foods and TCM serve in preventing and treating health disorders. In 
order to have the desirable therapeutic benefits, it is essential to use the right herbal 
material and food (Shaw et al. 2007). 
Adulterants and substitutes may have completely different or weaker therapeutic 
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actions as compared to their genuine counterparts; even different species in the same 
genus may have totally different actions (Yip et al. 2007). For example, Panax 
ginseng (Oriental ginseng,人參)，considered to be "hot" and used in 
"少a"g-deficient” conditions, is frequently found disguised and retailed as the much 
more expensive Panax qiiinquefolius (American ginseng, 旗 參 w h i c h is 
considered as "cool" and used in "少/w-deficient，，conditions, on the market (Ngan et 
al. 1999). Since the two species have different therapeutic values, the use of 
adulterants or substitutes may pose a threat to users or delay proper treatment. Food 
authentication is thus vital in determining the exact species to ensure proper 
treatment. 
1.1.2.2 Food and herb safety 
Species identification bears relevance to food and herb safety because intake of 
mis-identified or adulterated food and herbs could be life-threatening (Shaw et al. 
2007). Some food is toxic in nature and dangerous to the public if they are 
adulterated. For example, the substitution of cod {Gadus spp.) by wax ester-rich 
oilfish {Ruvettus pretiosiis) and escolar {Lepidocybiiim flavobrimneum) has caused 
the outbreak of keriorrhea in several continents including Asia, Europe, Australia and 
Africa (Ling et al. 2008). Herbal poisoning was also a common issue and is 
repeatedly reported (But et al. 1996; Huang et al. 2006; Schaneberg & Khan 2004). 
For example, the herb Fangji (防己）sourced from the root of Stephania tetrandra 
was replaced by the morphologically similar herb Guangfangji (廣防己）derived 
from the root of Aristolochia fangchi, which contains aristolochic acid, and the 
adulteration has caused 84 cases of rapidly progressive renal fibrosis (Vanhaelen et al. 
1994; Vanherweghem et al. 1993). To prevent unpleasant food and herbal poisonings, 
food authentication is definitely needed to check for species substitution, 
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mis-identification and mis-labeling. 
1.1.2.3 Conservation 
Trade of endangered species has contributed to severe depletion of biodiversity 
and the detection of illegal uses of endangered and protected species in food and 
herbal medicines is crucial in species conservation. Wildlife and their products 
represented the third largest illegal traffic incidents after drugs and arms (Manel et al. 
2002). Many endangered species are illegally poached or captured for ornamental 
purposes, human consumption or medicinal uses, for example elephant ivory, sea 
turtles and their eggs, tiger bone, rhinoceros horn and orchids (Comstock et al. 2003; 
Hsieh et al. 2003; Moore et al. 2003; Wan & Fang 2003). 
According to the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES), the import, export and possession of live, dead, parts, 
derivatives or manufactured products of the protected species are strictly controlled. 
Penalties for illegal possession of specimens listed in Appendix I is much higher than 
that those on Appendix II. As a result, accurate identification is very important in 
monitoring the utilization of the endangered species and provides evidences for law 
enforcement. 
1.1.3 Methods for species identification in food and herb authentication 
Species identification in food and herb authentication requires reliable and 
accurate methods to determine the source species in a wide array of degraded or 
processed substrates without ambiguity (Teletchea et al. 2005). Various methods and 
approaches have been developed to protect consumers and producers. Species 
identification could be classified into three approaches — morphological identification, 
chemical analysis and molecular analysis. 
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1.1.3.1 Morphological identification 
Morphological identification include both macroscopic and microscopic 
identification. Anatomical, histological and organoleptic (sensory) characteristics can 
be observed. In herb samples, macroscopic assessment includes inspecting 
organoleptic markers such as shape, colour, texture and odour of the herbs, and 
microscopic inspection includes the examination of unique hairs (glandular or 
stellate), cell types, fibers, granular objects (e.g. starch grains, calcium oxalate 
crystals), and minute floral and fruit characteristics with the aid of microscopic 
equipments (Techen et al. 2004). In meat samples, microscopy can be used to 
identify the nature of meat used, for example whether it is present as cuts of muscle, 
or as pieces, a paste or mechanically recovered. It can also identify the presence of 
tissues or organs such as lung, kidney and intestine, and the presence of non-meat 
proteins and other food additives (Lumley 1996). 
Morphological identification is rapid and simple, and the presence of obvious 
contaminants such as sand, gravel or morphologically distinct substitute materials 
could be recognized easily (Techen et al. 2004). However, a trained examiner is 
required for accurate inspection (Techen et al. 2004; Shaw et al. 1997). 
Determination of source species is also difficult when all morphological 
characteristics are lost during processing. Moreover, it is difficult to differentiate 
closely related species as they may share similar morphological or histological 
characteristics (Zhang et al. 2007). Other factors including geographical environment, 
growth period and the storage condition of herbs may also affect the morphological 
features of the materials (Shaw et al. 1997). Morphological identification is 
important in species identification in food and herb authentication and may serve as a 
usefiil tool accompanying chemical and molecular analyses for species identification. 
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1.1.3.2 Chemical analysis 
Chemical analyses for species identification depend on the detection or 
determination of natural components that are unique to the species. The aim of 
chemical analysis is to find a particular chemical marker or profile that is distinctive 
in a particular species. Since there are essential differences in the composition of 
herbs and animals, different chemical analyses methods are targeted. Most herbal 
medicines are sourced from plants and contain different phytochemicals (secondary 
metabolites), which are mainly analysed by chromatographic and spectroscopic 
methods (Shaw et al. 2007), while foods for animal sources mainly focus on protein 
and lipid analyses by electrophoreses and immunoassays (Lumley et al. 1996). 
Chromatography, by far, is the most important chemical analysis technique in 
chemical studies (Miller 2005). Chromatography is the process of separating the 
components of mixtures that are distributed between a stationary phase and a mobile 
phase according to the migration rates of individual molecules. Some commonly 
used chromatography methods include thin layer chromatography (TLC) and high 
performance liquid chromatography (HPLC). These methods are included as official 
methods for quality control of some TCM in the Chinese Pharmacopoeia (Shaw et al. 
2007; The State Pharmacopoeia Commission of RR. China 2005). TLC is a common 
analytical method that is simple, fast and cheap and is primarily used as a qualitative 
method for identification of chemicals by comparing samples with reference 
standards (Shaw et al. 2007). For example, wax ester-containing oilfish and escolar 
could be distinguished from other fish species by the presence of characteristic spots 
in TLC test (Ling et al. 2008). Another commonly used technique, HPLC, can 
provide both qualitative and quantitative surveys of extract composition (Shaw et al. 
2007). For example, it was applied in comparing the four species of Gentiana used as 
Radix Gentianae ( l i l t ) and differentiating them from adulterants. The close 
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similarity of chemical compositions among the four genuine Gentiana species 
explains their popular usage as Radix Gentianae in Chinese medicine (Jiang et al. 
2005). There are limitations in these chemical analyses, especially in analyzing herbs. 
The contents of active components or informative markers may be affected by 
physiological conditions, harvesting period and storage conditions (Shaw et al. 1997). 
Furthermore, a statistically significant representative set of authenticated reference 
samples from multiple populations is required to establish a valid "fingerprint" 
profile (Smillie & Khan 2010). In many cases, closely-related species may contain 
similar chemical components, making species identification by chemical analyses 
difficult (Shaw et al. 1997). Also, it may be difficult to identify a distinctive and 
specific chemical marker for species identification. For example, Coptis japonica, 
Xanthorhiza smiplicissima, Mahonia aquifoUmi, Chelliotmwi majus, Berberis 
vlgaris and Hydrastis Canadensis (Goldenseal) all contain berberine, while only 
Goldenseal contains hydrastine. If berberine is used as the identification marker, 
adulterations by the other five species could not be detected (Techen et al. 2004). 
Fatty acid isomer profiles can be examined by capillary electrophoresis (CE) 
and HPLC and/or gas chromatography (GC) for the identification of some meat 
species from horses, pigs and kangaroos, but the interpretation of data from raw meat 
mixture is complicated and it is almost impossible to interpret data from highly 
processed and cooked foods (Lumley 1996). The composition of animal lipids also 
varies with various dependent factors, including seasons and diet (Lumley 1996). 
Similarly, a comprehensive and reliable database or chemical "profile" is required for 
sound species identification. 
Protein-based analyses are mainly based on electrophoresis and immunoassay. 
, Genetically determined differences are found among proteins of different animal 
species, and thus analytical techniques that can differentiate the constituent proteins 
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are likely to be suitable for species identification (Mackie 1996). Proteins are large 
charged macromolecules with both positive and negative charges. The net charges of 
proteins depend on the pH of buffer solutions; thus electrophoresis can be used to 
separate different proteins in an aqueous medium under the influence of an electric 
field applied between positive and negative electrodes and adjustment of pH. 
Charged proteins with higher net charge would move more quickly than proteins 
with lower net charge, and smaller protein molecules would move faster when the 
two molecules have the same charges. Based on the above principles, protein profiles 
of a particular species could be established by electrophoresis (Mackie 1996). For 
example, sodium dodecyl sulphate—polyacylamide gel electrophoresis (SDS-PAGE) 
and isoelectic focusing (lEF) were applied to identify ten commercially important 
fish species (Etienne et al. 2000). Another protein-based method, immunoassay, is 
commonly applied in meat species identification. The ability of antibodies 
(immunoglobulins) to recognize three-dimensional structures is applied to detect 
species-specific proteins (antigens) such as muscle proteins (Martlbauer 2003). For 
examples, enzyme immunoassay technique was applied in determining pork species 
substitution in cooked beef products (Balia et al. 2009). Protein-based chemical 
analyses are quite sensitive and can detect trace amount of adulterants (Martlbauer 
2003). However, these methods depend heavily on tissue quality and generally 
require fresh or frozen materials (Elliott et al. 2002) and could not be applied to 
severely heated products such as canned meat. Also, the majority of commercial 
methods were designed for detecting plasma proteins, any adventitious 
contamination of meat with blood from other species could lead to spurious results 
(Lockley & Bardsley 2000). It also has low resolution power when closely related 
species differentiation is required (Sotelo & P红ez-Martin 2006). 
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1.1.3.3 Molecular analysis 
Molecular analysis is a more modern analytical method, as compared with 
morphological and chemical analyses, in food and herb authentication. The species 
origin of food and herbs are based on analyzing variations in DNA sequences (Bellis 
et al. 2003). Compared with phytochemcials and proteins, DNA is comparatively 
more stable and less affected by age, physiological conditions, environmental factors 
and harvest seasons (Lockley & Bardsley 2000; Teletchea et al. 2005; Yip et al. 
2007). In addition, DNA is present in most cells of an organism and the DNA from 
different tissues of the same individual are the same (Lockley & Bardsley 2000). 
Also, a small amount of sample is sufficient for analysis and this is particularly 
relevant for foods and herbs that are expensive or in limited supply (Shaw et al. 
1997). Molecular-based methods are classified into three types: hybridization-based, 
polymerase chain reaction (PCR)-based and sequencing-based (Yip et al. 2007). 
DNA hybridization is the process that labeled single-stranded DNA probes 
anneal into a double-stranded sample DNA through the formation of hydrogen bonds 
(Lockley & Bardsley 2000; Yip et al. 2007). It has been applied in authenticating 
some toxic TCM (Carles et al. 2001, 2005; trau et al. 2002). DNA hybridization can 
detect a variety of possible species (Carles et al. 2005). However, this process is 
time-consuming and laborious (Lockley & Bardsley 2000). Also, the production cost 
of DNA chips for microarray is high (Yip et al. 2007). 
PCR-based methods use amplification of the regions of interest by specific or 
random primer sets, and subsequently the products are separated by gel 
electrophoresis for analysis (Yip et al. 2007). These PCR-based methods include 
sequenced characterized amplified regions (SCAR), amplification refractory 
mutation system (ARMS), simple sequence repeat (SSR) analysis, multiplex PCR 
and DNA fingerprinting methods such as PCR-restriction fragment length 
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polymorphism (PCR-RFLP), random-primed PGR (RP-PCR), direct amplification of 
length polymorphism (DALP), inter-simple sequence repeat (ISSR), amplified 
fragment length polymorphism (AFLP) and directed amplification of 
minisatellite-region DNA (DAMD). These methods are effective in species 
differentiation of various TCM and foods (Chapela et al. 2003; Ha et al. 2002; 
Rasmussen and Morrissey 2008; Rego et al. 2002; Rehbein et al. 2002; Shivji et al. 
2002). However, some of these methods, such as RAPD and AFLP, are not suitable 
for fragmented DNA extracted from food products. RAPD patterns are difficult to 
reproduce due to imperfect ligation or incomplete restriction of artifactual 
polymorphisms because of partial fragments (Desmarais et al. 1998; Lockley & 
Bardsley 2000). 
Sequencing-based methods, which determine the actual nucleotide types and 
arrangements in amplified DNA fragments, provide much more information than 
DNA fingerprinting (Lockley & Bardsley 2000). The DNA sequences obtained can 
be applied in phylogenetic studies among species and for detection of new or unusual 
species. DNA sequencing was considered to be expensive and technically demanding 
in the past. However, with the advancement in DNA sequencing techniques and 
instrumentation, species identification by DNA sequencing is relatively cheap and 
fast now (Kling 2003). The species identity of samples can be determined by 
performing sequence searches on public sequence databases such as GenBank 
(http://www.ncbi.nlm.nih.gov) or BOLD (http://www.boldsystems.org) systems. 
Sequencing-based methods have been widely used in identifying source species in 
TCM (e.g. Lau et al. 2001) and food products (e.g. Blanco et al. 2008; Jerome et al. 
2003). 
Forensically informative nucleotide sequencing (FINS) is a common 
DNA-based post-PCR analysis method. It was first used by Bartlett and Davidson 
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(1992) and involves four steps: DNA extraction from biological samples, specific 
DNA fragments amplification by PGR, nucleotide sequences determination, and 
related sequences comparison in database using phylogenetic analysis (Bartlett & 
Davidson 1992). Numerous studies have shown successful diagnosis of species in 
food products using FINS (Blanco et al. 2008; Chapela et al. 2002; Sotelo et al. 
2001). On the other hand, the sequence with smallest genetic distance or number of 
nucleotide substitutions from the target fragment represents the species group of the 
original sample (Bartlett & Davidson 1992), and thus it is important to select a region 
with high interspecific variability but low intraspecific variations to ‘ avoid 
ambiguities in species determination (Bossier 1999). 
1.1.4 Legislation 
In Hong Kong, the use of labeling and trade of food commodities and TCM are 
regulated by laws. Food- and herb-related malpractices are prevalent and food and 
herb authentication plays an important role in monitoring and successful prosecution 
for malpractices. 
1.1.4.1 Labeling 
Trade Descriptions Ordinance (Cap. 362 of the Laws of Hong Kong) aims at 
prohibiting false trade descriptions, false, misleading or incomplete information, 
false marks and misstatements in respect of goods provided in the course of trade. 
Under the Ordinance, anyone involved in the possession, supply or import or export 
of goods with false trade descriptions or forged trade marks for commercial purposes 
is liable, upon conviction, to maximum imprisonment of five years and a fine of 
HK$500,000 (Department of Justice, HKSAR, http://www.doj.gov.hk/laws). 
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1.1.4.2 Chinese medicine 
Chinese Medicine Ordinance (Cap. 549 of the Laws of Hong Kong) aims to 
ensure the safety, quality and efficacy of Chinese medicines. The Ordinance includes 
not only the registration, examination and discipline of Chinese medicine 
practitioners, but also the regulatory system for Chinese medicines covering 
licensing and regulation of Chinese medicines trades and registration of proprietary 
Chinese medicines. In addition, the Ordinance includes Schedule 1，which lists 31 
potent/toxic Chinese herbal medicines, and Schedule 2, that lists 574 commonly used 
Chinese herbal medicines. Those toxic herbal medicines listed are in turn regulated 
by the Import and Export Ordinance (Cap. 60 of the Laws of Hong Kong), which 
states that import or export of herbs in Schedule 1 requires licensing. The maximum 
penalty for non-compliance is a maximum fine ofHK$500,000 and imprisonment for 
two years (Department of Justice, HKSAR, http://www.doj .gov.hk/laws). 
1.1.4.3 Conservation 
The Protection of Endangered Species of Animals and Plants Ordinance (Cap. 
586 of the Laws of Hong Kong) aims at conserving endangered species and 
preventing them from over-exploitation and extinction by controlling their imports 
and exports. The import, export, re-export or possession of specimens of a scheduled 
species whether alive, dead, its parts or derivatives (including medicines) are strictly 
regulated. The Ordinance follows the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES). CITES classified over 30,000 
endangered species into three appendices according to the degree of threat posed by 
international trade. Appendix I includes highly endangered species threatened with 
extinction and commercial trade of these species is prohibited. Trade of species in 
appendices II and III are allowed but with strict licensing control. The maximum 
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penalty for offenders involving items on Appendix I is HK$5,000,000 and 
imprisonment for two years (Department of Justice, HKSAR, 
http: //www. doj. gov. hk/laws). 
1.2 Dongchongxiacao 
1.2.1 Background information of Dongchongxiacao 
Dongchongxiacao (冬蟲夏草)，commonly named "Chinese Caterpillar Fungus" 
and officially named Cordyceps in the Chinese Pharmacoepia, is a valuable 
traditional Chinese medicine that is composed of the fruiting body of 
Ophiocordyceps sinensis (Berk.) GH. Sung, J.M. Sung, Hywel-Jones & Spatafora 
(Family: Ophiocordycipitaceae) on the some caterpillars of ghost-moth species from 
the genera Bipectilus, Forkalus, Hepialus and Hepialiscus (Family: Hepialidae) 
(Chen & Jin 1992; Sung et al. 2007a; The State Pharmacopoeia Commission of RR. 
China 2005). Dongchongxiacao, translated in English, means "Winter Caterpillar 
Summer Grass" and it is so named due to its growing process. During July and 
August, the summer season, the ghost moth larva is invaded by fungi through its 
body wall, stoma, oral cavity or orifices or through ingestion of food contaminated 
by fungal mycelia or spores. After infection, the fungus lived on the bowels of the 
larva and used it as nutrients for growth and development (Li & Tsim 2002). Finally, 
the larva lumen is filled by fungal mycelia and the larva mummified during winter. 
As a result, it was called "Winter Caterpillar". During the spring and summer seasons 
of the following year, the fruiting body of O. sinensis emerges from the head of the 
dead caterpillar above ground and the material is hence called "Summer Grass" (Gao 
et al. 2003; Zhou et al. 2009). 
This wild herb is restricted to high altitudes on the Qinghai-Tibetan plateau 
(Zhou et al. 2009) and is mostly distributed in Tibet, Qianghai, region of Sichuan, 
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Yunnan and Gansu provinces (Li et al. 2006). Its distribution is closely related to the 
territory of the host caterpillar (Li & Tsim 2002). There is large-scale harvest of the 
wild material in Nepal and India in recent years and it has been generally regarded as 
over-harvested (Paterson 2008). In 2001，its yield has dropped by more than 70% as 
compared to 1978 in China (Li et al. 2006). Besides the wild herbs, mycelia are also 
produced in large quantities through fermentation and sold as functional food 
products worldwide. 
The harvest of wild products has caused great impact to the habitat. The 
disturbance has caused serious erosion and significantly damaged the vegetation 
composition (Cannon et al. 2009; Stone 2008). The over-harvesting has also reduced 
the range of availability of this herb (Stone 2008). In Bhutan, this herb is listed in 
Schedule I of the Forest and Nature Conservation Act of Bhutan, and anti-poaching 
measures are enforced to regulate and restrict harvesting of this herb from the field 
(Anon 2002). Similar measures including restricted harvest season and permission 
for harvest are also carried out in Tibet and Qinghai (Li 2008). 
1.2.2 Classification of fungal part of Dongchongxiacao 
The fungal part of Dongchongxiacao is sourced from fungal species 
Ophiocordyceps sinensis, which was previously known as Cordyceps sinensis. 
Cordyceps Link {sensu lato), a diversified genus with more than 400 species 
and a wide host range (Kobayasi 1941, 1982; Mains 1957, 1958; Stensrud et al. 
2007)，was historically classified in the family Clavicipitaceae. There are recent 
suggestions to divide this genus into four genera included in three families: (1) 
Cordyceps sensu stricto, with C. militaris (L.) Link as the type species, in family 
Cordycipitaceae, (2) Metacordyceps GH. Sung, J.M. Sung, Hywel-Jones & 
Spatafora in family Clavicipitaceae, (3) Elaphocordyceps G.H. Sung & Spatafora 
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and (4) Ophiocordyceps Fetch in family Ophiocordycepitacae (Sung et al. 2007a, b; 
Spatafora et al 2007). Before their relationship is better clarified, Cordyceps in a 
broad sense is considered in this study. 
In this study, "Cordyceps" refers to the wild herb, Dongchongxiacao, while 
“Cordyceps” in italic form refers to the flingal genus. And the use of "Cordyceps" 
and "Dongchongxiacao" are interchangeable in this study. 
1.2.3 Dongchongxiacao as a Traditional Chinese Medicine 
Dongchongxiacao, with its official name Cordyceps in Chinese Pharmacoepia, 
is regarded as one of the most valuable traditional Chinese medicines. Its uses was 
recorded in Ben Cao Cong Xin (本草從新）which was compiled in around 1757 A.D. 
during the Qing Dynasty (清朝）(Zhu et al. 1998a) and has been recorded as an 
official drug in the Chinese Pharmacopoeia since 1964 (Paterson 2008). According to 
the Chinese Pharmacopoeia (The State Pharmacopoeia Commission of P. R. China 
2005), it can soothe the lung, replenish the kidney, staunch bleeding and disperse 
phlegm and is hence applied in treating continuous cough caused by fatigue, asthma, 
haemoptysis, impotence, spermatorrhoea and aches in abdomen and knee. Modern 
pharmacological studies also showed that Cordyceps is beneficial to the circulatory, 
immune, cardiovascular, respiratory and glandular systems (Zhu et al. 1998a, b). 
Scientific studies on bioactive ingredients of Cordyceps showed that it contains 
various nucleotides, polysaccharides, ergosterol and related analogs, mannitol and 
peptides (Li et al. 2006; Zhou et al. 2009). Nucleotides are one of the major 
components in Cordyceps (Li et al. 2006) and are involved in the regulation and 
modulation of physiological processes in the central nervous system (Schmidt et al. 
1995). Cordyceps is also high in polysaccharide contents and Cordyceps 
polysaccharides are considered to be responsible for the activities of anti-oxidation 
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(Li et al. 2002) and immune-potentiation activities (Li et al. 2004). Ergosterol is the 
predominant sterol found in most fungi and one of its analogues purified from 
Cordyceps, HIA, suppresses the activated human mesangial cells and alleviates 
immunoglobulin A nephropathy (Berger's disease) with clinical and histological 
improvement (Lin et al. 1999). D-mannitol, also called cordycepic acid, has diuretic, 
antitussive and anti-free radical activities (Li et al. 1999a) while peptides in it have 
some anti-tumor and immune-potentiation activities (Jiang et al. 1999). 
1.2.4 The Dongchongxiacao market 
Due to the multiple "potential" fiinctions of Cordyceps, the market demand for 
this herb keeps on increasing sharply since 1990s, especially after the outbreak of 
severe acute respiratory syndrome (SARS) (Paterson 2008), and the price of the wild 
Cordyceps was as high as US$40,000 per kilogram (Sharma 2004), which is even 
higher than gold. 
In Hong Kong, more than 80% of imported Cordyceps were sourced from 
mainland China and Nepal in 2009 (Hong Kong SAR Government 2010). And the 
quantity of Cordyceps imported into Hong-Kong increased from 858 kg in 2000 to 
2779 kg in 2009 (Table 1.1; Figure 1.1). The increase was dramatic in 2004 after 
SARS, with the quantity of this herb imported rising from 948 kg in 2003 to 4094 kg 
in 2004 (Table 1.1; Figure 1.1). Although the quantity price of it has dropped in 2008, 
the price of Cordyceps per kg has increased from HK$5,000/kg in 2000 to 
HK$40,000/kg in 2007 (Figure 1.2). 
Besides the wild herbs, Hirsutella sinensis, the asexual mycelial strain from 
stroma of O. sinensis (Jiang & Yao 2002), was isolated and mass-produced by 
fermentation and sold in form of capsule products. Such products are functional 
foods in China and Southeast Asia markets nowadays (Li et al. 2006; Zhou et al. 
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2009), and the annual production value is more than US$100,000,000 (Li & Tsim 
2002). However, adulterants of Cordyceps are also commonly found in the market 
(Chen et al. 2002; Hsu et al. 2002; Li et al. 2006). 
Table 1.1 Quantity and price of Cordyceps imported to Hong Kong, 2000-2009 
(Hong Kong SAR Government 2010). 
Year Wholesale Imported Price per quantity 
price (HK$) quantity (kg) item (HK$/kg) 
2000 4,286,966 858 4996 
2001 3,624,116 1863 1945 
2002 1,340,023 754 4618 
2003 7,213,931 948 7610 
2004 43,004,948 4094 10504 
2005 31,807,103 2648 15486 
2006 99,100,660 3755 26392 
2007 132,003,778 3058 43167 
2008 82,864,095 3082 26886 
2009 98,150,000 111^ 35318 
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Figure 1.1 Quantity (kg) of Cordyceps imported to Hong Kong from 2000 to 2009 
(Hong Kong SAR Government 2010). 
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Figure 1.2 Price per quantity item (HK$/kg) of Cordyceps imported to Hong Kong 
from 2000 to 2009 (Hong Kong SAR Government 2010). 
1.2.5 Adulteration and contamination of Dongchongxiacao 
Besides the cultivation of O. sinensis mycelia by fermentation technology, 
counterfeits or substitutes named Cordyceps or Chongcao from related fungi 
including Cordyceps militaris, C. gunnii and Metacordyceps liangshanensis, and 
adulteration by the rhizome of Stachys geobombycis, S. sieboldii or Lycopus lucidus, 
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silkworm larvae (Bombyx mori) infected by Beaiiveria bassiam, and counterfeit 
forged by flour have been reported (Chen et al. 2002; Hsu et al. 2002; Li et al. 2006). 
Besides adulteration of Cordyceps, contamination of this herb is also not 
uncommon. Cases of lead poisoning due to insertion of lead bars into the herb 
samples were reported in mainland China and Taiwan (Wu et al. 1996). Insertion of 
iron wires or toothpicks to keep the broken pieces of caterpillar body of herb sample 
together, and samples contaminated by mercury, sugar solution, salt solution or 
potassium alum solution to increase its weight were commonly reported (Jin & Gao 
2005; Wan 2003; Wu 2008; Wu et al. 1996). 
There is huge differences in price between genuine and counterfeit products. 
Different "Chongcao" products may differ in price for more than 100-folds (Chen et 
al. 2002). Also, since Cordyceps is sold by weight, any contaminants added to the 
herb can increase its weight and thus its value. In order to safeguard consumers, 
proper authentication is crucial. 
1.2.6 Authentication of Dongchongxiacao 
1.2.6.1 Morphological identification 
Traditionally, Cordyceps is identified by morphological observations of 
macroscopic characteristics. Both the caterpillar and fungal parts are observed in 
authenticating Cordyceps. The caterpillar part resembles a silkworm and is deep 
yellow to yellow brown in colour. It has 20 - 30 annulations and eight pairs of feet, 
with the four pairs in the middle being relatively more conspicuous. The texture is 
fragile and easily broken, and the broken portion is yellowish-white in colour and 
smooth. The stroma part of the fungus emerges from the head of the host and is 
usually solitary. It is slenderly cylindrical and 4 - 7 cm in length and approximately 
0.3 cm in diameter. It is brown to deep brown in colour and slightly swollen in the 
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upper part, with fine longitudinal wrinkles externally. It has flexible texture and 
white fracture. The odour is fleshy and the taste is slightly bitter (Hu et al. 2003, 
Kinjo&Zang, 2001). 
Morphological observation serves as a fast and preliminary tool for sample 
authentication. However, it is difficult to differentiate the genuine herb from 
counterfeits because related Cordyceps species share highly similar morphological 
features. For example, C. gunnii, known as Gunichongcao (古尼蟲草）in China, also 
parasites on ghostmoth caterpillars (Liang 1983a, b, 2007) and its caterpillar part also 
resembles a silkworm, colours brown and with 20 — 30 annulations. Its fungal part 
also emerges from the head of the larva (Hu et al. 2003). Although it has generally 
longer and more fragile stroma than 0. sinensis, it is not easy to differentiate them, 
especially when the herbs are seriously processed or broken into pieces. 
1.2.6.2 Chemical analysis 
Chemical analysis of fungi provides not only information on their nutritional 
value, but is also important in differentiating species and strains with similar 
morphological characteristics (Senatore • 1992). Adenosines, cordycepin (3'-
deoxyadenosine), polysaccharides, ergosterol and mannitol are some "potential" 
active compounds that have been suggested as markers for quality control of 
Cordyceps (Li et al. 2006). 
Among these chemical constituents, adenosines and cordycepin are the two 
most widely studied candidates. Adenosine is now employed as quality control 
marker of Cordyceps in the Chinese Pharmacopoeia (The State Pharmacopoeia 
Commission of P R. China 2005) and the standard stated that adenosine content in 
Cordyceps herbs should not be less than 0.01%. However, Ikeda et al. (2008) have 
shown that adenosine is not unique to O. sinensis, but is also present in cultured C. 
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militaris, suggesting adenosine may not serve as a species-specific chemical marker 
for Cordyceps authentication. Another nucleotide, cordycepin, is widely studied as it 
is shown to have anti-tumor activity (Li et al. 2006). Cordycepin was first isolated 
form C. militaris, one of the common substitute species of Cordyceps. However, the 
existence of cordycepin in O. sinensis is still controversial. Low contents of 
cordycepin are found in natural O. sinensis herbs using HPLC (Li et al. 2004), 
LC-MS (Huang et al. 2003, Li et al. 2001) and NMR analysis (Chen & Chu 1996), 
while it is not detectable in other studies (Ikeda et al. 2008, Shiao et al. 1994). The 
remarkable amount of cordycepin present in C. militaris may serve as a marker for 
identification of C, militaris (Ikeda et al. 2008)，but it may not be applicable in 
authenticating O. sinensis from adulterants. 
Furthermore, the analyses on chemical profiles of Chinese samples of C. gimnii, 
a common adulterant of Cordyceps, and O. sinensis suggested that, despite the two 
species contain different amounts of sugars, proteins and adenosine, they share 
similar chemical constituents (Xiong et al. 1997). Until now, there is no 
species-specific chemical marker capable of differentiating O. sinensis from other 
adulterants or substitute species. Besides, chemical compositions vary with age and 
geographical differences in the herb and fungal strains as well as fermentation 
conditions (Li et al. 2006，Paterson 2008). As a result, it may be difficult to employ 
chemical markers for species identification in authentication of Cordyceps. 
However, chemical analysis is still useful in quality control of herbal medicines. 
Zhong et al. (2009) employed inductively coupled plasma mass spectrometry 
(ICP-MS) to detect the heavy metal content in C. gunnii and detected the lead 
content in samples ranged from 245 to 3492 mg/kg, which is 50 to 700-folds higher 
than Chinese standard “藥用植物及其製劑進出口綠色行業標準(WM2-2001)"(< 
5mg/kg). Besides heavy metals including lead, potassium alum [KA1(S04)2] is 
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another common contaminant in Cordyceps. Chemical tests by redox reactions could 
also be carried out to investigate the presence of potassium alum in herbal samples 
(Chen & Shen 2007; Wu 2008; Zhan & Dai 1995). 
1.2.6.3 Molecular analysis 
Morphological observation and chemical analysis are important in 
authentication of herbal medicines, but they may not be applicable in determining 
their origin or exact species source. Phylogenetic analysis enables the study of 
genetic variability among organisms, as well as acting as an important authentication 
tool in identifying the species source of samples. Chen et al. (2002) and Zhong et al. 
(2009) have demonstrated the use of nuclear ribosomal RNA internal transcribed 
spacers (ITS) to differentiate authentic Cordyceps samples from adulterants and 
substitutes, C. gimnii and C. militaris, suggesting molecular analyses may serve as a 
reliable method for species identification in Cordyceps authentication. 
1.2.6.3.1 FINS analysis with genomic ITS, nrLSU, EF-la and rpbl regions for 
fungal analyses 
ITS is located in the nuclear ribosomal DNA (nrDNA) cistron. It separates the 
large (nrLSU) and small ribosomal (nrSSU) RNA subunits and comprises two 
sections (ITSl and ITS2) which bracket the conserved 5.8S rDNA region (Seifert 
2009). It has a mosaic pattern of conserved and variable regions (Liu et al. 2002). 
The coding region, 5.8S rDNA gene, evolved slowly and is highly conserved among 
different species and genera, while the two spacers evolved rapidly and can be used 
to compare closely related species and subspecies. ITS, located in nuclear genome, is 
high in copy number; together with the presence of universal primers developed by 
White et al. (1990), this region has been widely applied in anamorph determination 
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and polymorphism studies of 0. sinensis (Chen et al. 2001, 2004; Kang et al. 2000; 
Liu et al. 2002; Stensrud et al 2007). Although ITS varies in length among different 
taxonomic groups and is indel-rich, making it difficult to align, it has still been acting 
as a default marker for species-level studies for most fungi and has recently been 
adopted as barcoding marker for fungi (Seifert 2009). The rich number of fungal ITS 
sequences, including Cordyceps species, available in GenBank database favours the 
use of genomic ITS region for species identification by FINS analysis. 
Large ribosomal RNA subunit (nrLSU) was also applied in species 
identification of fungi. The nuclear ribosomal genes have been widely applied in 
phylogenetic and molecular studies of fungi, including ascomycetes (Liu & Hall 
2004). nrLSU contains highly conserved regions for the construction of universal 
primers for DNA sequence amplification and sequencing (Hillis & Dixon 1991). 
Phylogenetic studies of clavicipitaceae were widely conducted using ribosomal DNA 
sequences (Sung et al. 2007b) and it may provide thorough species information for 
accurate and precise species identification. 
EF-la and rpbl regions are another two genomic protein-coding loci. 
Eukaryotic EF-la is highly conserved and serves as an important molecular marker 
for determining phylogenetic relationships among eukaryotes (Keeling & Inagaki 
2004). EF-la has successfully been used in phylogenetic study of fungi at species 
level (O'Donnell et al. 1998; Tanabe et al. 2004). Exon region of EF-la was chosen 
in this analysis to reduce intraspecific variation of sequences among samples. 
The rpbl region has been recently used in multiloci phylogenetc analyses 
(Hofstetter et al. 2007). It was suggested to be one of the best phylogenetic markers 
when its resolving power and support was compared with other ribosomal 
RNA-coding genes and protein-coding genes in Candida (Saccharomycotina, 
Ascomycota) and related taxa (Diezmann et al. 2004). In the phylogenetic study of 
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Lecanoromycetes (Asocomycota), rpbl region provided higher support than other 
loci, when compared with internodes supported in the five-locus bootstrap analysis 
(Hofstetter et al. 2007). The high resolving power of rpbl region may be 
advantageous in species identification of Cordyceps for authentication. 
Despite the lack of universal primers for these two regions, primers specific to 
genus Cordyceps were designed by Sung et al. (2007a, b). The specific primers could 
help to reduce the chance of amplifying other undesirable fungi, for example, the 
indoor molds, from amplifying Cordyceps. 
These loci are independent of one another and may be utilized in FINS analysis 
for Cordyceps authentication. Multi-gene phylogenies based on the three loci, nrLSU, 
EF-la and rpbl are also carried out to study the phylogenetic relationships among 
genuine Cordyceps and other related Cordyceps species. 
1.2.6.3.2 FINS analysis with mitochondrial CytB and COI regions for caterpillar 
analyses 
Mitochondrial genome is important in species determination of caterpillar part 
because mitochondria are abundant in animal cells and there is high copy number of 
mitochondrial DNA (mtDNA) molecules. Also, mitochondrial genome is inherited 
from maternal parent that can greatly reduce the chance of intraspecific variation 
(Hillis & Dixon 1991). It also evolves more rapidly than nuclear DNA (Boore 1999). 
Among various genes in mtDNA with different evolutionary rates, CytB and COI 
have moderate evolutionary rates and are desirable for revealing generic relationship 
at genus and species levels (Gray 1989，Zardoya & Meyer 1996) and have been 
applied as molecular markers for phylogenetic studies of insects (Guryev et al. 
2001). 
There are only a few studies focusing on the caterpillar host of O. sinensis. 
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Chen et al. (1998) and Cheng et al. (2007) analysed the CytB sequences of some host 
insects of O. sinensis from the main distribution area of China. The sequences 
available in GenBank provide for species determination of host sources of Cordyceps 
samples. 
COI has widely been applied for phylogenetic studies of animals and the 648 
bp-region near 5' end is selected as "DNA barcoding" region for standard species 
identification (Hebert et al. 2003). It was shown to be effective in discriminating 
Lepidoptera species (Hajibabaei et al. 2006; Hebert et al. 2010) and discovering 
cryptic species in butterflies (Hebert et al. 2004). This barcoding region is used in the 
Lepidoptera Barcoding of Life campaign (http://www.lepbarcoding.org). According 
to the website, the campaign aims at building a COI barcode library for all 
Lepidoptera species and allowing rapid and reliable identification of Lepidoptera at 
different stages of their life cycles. In April 2010, more than 40,000 Lepidoptera 
species have been barcoded, covering 25% of the world's 165,000 known species. 
The COI sequences are available at the Barcode of Life Data Systems -
Identification System (BOLD-IDS) (http://www.boldsystems.org), which serves as 
an informatics workbench aiding the acquisition, storage, analyses and publication of 
DNA barcode records for members of the animal kingdom (Ratnasingham & Hebert 
2007). COI sequences are available for search in BOLD-IDS and NCBI GenBank 
databases to find the matching sequences. 
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1.3 Abalone 
1.3.1 Background information of abalone 
Abalones (Genus: Haliotis Linnaeus, Family: Haliotidae) come from the class 
Gastropoda in phylum Mullusca (To et al. 2006) and have approximately 70 species 
worldwide (Lindberg 1992; Zhu 2004). They are naturally distributed along coasts of 
most oceans, especially in the Pacific Ocean (Lindberg 1992; Zhu 2004) and 
generally inhabit at shallow waters to 30 m and rocky reefs to depths of 65m (Elliott 
et al. 2002). They feed on algae and planktons on substrate surfaces (Huang 1998). 
Their veliger larvae are free-swimming and would settle and grow into a miniature 
abalone (McShane 1992). Abalones are relatively slow-growing gastropods and may 
take several years to reach sexual maturity (Zhu 2004). 
Abalone meat is a delicacy, especially in Asia (Zhu 2004). Abalone shell is also 
used as a traditional Chinese medicine (Huang 1998). International trade of abalones 
is a lucrative business, and abalones are hence exploited and cultured worldwide 
(Supernault et al. 2010). H. discus, H. diversicolor, H. gigantea, H. midae, H. rubra, 
H. rufescens and H. tuberculata are some major commercial maricultured species 
(FAO 2009; Hahn 1989; Zhang et al. 2004)： 
Wild stocks of abalones have been declining in recent years (Guzman del Proo 
1992). H. cracherodii, commonly named black abalone, is listed as a critically 
endangered species in the lUCN Red List of Threatened Species since 2003 (Smith et 
al. 2003). This species is native to USA and Mexico, and supports a commercial 
fishery in California since 1960s, but its population was threatened by the withering 
syndrome in 1980s (Smith et al. 2003). H. kamtschatkana, commonly named 
northern abalone or pinto abalone, is listed as an endangered species in the lUCN 
Red List of Threatened Species since 2006 (McDougall & Tuthill 2006). This species 
is found in Canada and USA, and was threatened by poaching, recruitment failure, 
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predation by sea otters, habitat and ecological shifts and diseases including withering 
syndrome (McDougall & Tuthill 2006). Another commercially important abalone 
species, H. midae, has been listed in Appendix III of CITES since 2007. However, 
this species was also removed from the List by South African government in 
mid-2010 (http://www.trafFic.org/home/2010/6/4/removal-of-trade-controls-signals-
bleak-future-for-abalone.html, accessed on 21 June 2010). 
1.3.2 Abalone as food 
Abalone, named Baoyu (鲍魚）in Chinese, has long been regarded as one of the 
most valuable delicacies in Chinese history. It was also named Fuyu (‘I复角、）or 
Shijueming (石決明）in ancient Chinese (Zhu 2004). In the Chinese classic Tian 
Guar? chapter of Zhou Li (周禮•天官)，which recorded the medical and food 
practices of the Zhou Dynasty (周朝）(1122 to 256 B.C.), abalone was recorded as a 
common ingredient in the emperor's diet (Zhu 2004). 
Nowadays, abalone tops the list of the four treasures (abalones, beche-de-mer, 
shark fins and fish maws) from the sea in Chinese cuisine (Zhu 2004) and it is 
famous for its unique flavor and texture (Ghiou et al. 2004). It is also regarded as a 
tonic for yin-enrichment and nourishing the lungs and liver by traditional Chinese 
medicine practitioners (Vincent 1996; Zhu 2004). 
Abalone is rich in proteins (Hatae et al. 1995; Zhu 2004). It also contains n-3 
long chain (>C2o) polyunsaturated fatty acids (LC-PUFAs), which is sourced from 
seafood mainly, that are reported to reduce the risk of coronary heart diseases 
(Erkkila et al. 2003; Lemaitre et al. 2003) and lower blood pressure and plasma 
triacylglycerol levels (Chan et al. 2003; Dallongeville et al. 2003). Besides,- it also 
contains trace elements include iron, calcium, magnesium and zinc (Wang et al. 2009) 
and abalone polysaccharide (Yin et al. 2006). 
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A Chinese research group has found that abalone polysaccharide could inhibit 
the growth of human nasopharyngeal cancer cells on nude mice by inducing cell 
apoptosis and necrosis (Wang et al. 2000). However, it is believed that the nutritional 
value of other seafood is comparable with abalone; and the consumption of abalone, 
especially the dried abalone, in China may indeed due to its unique taste and texture 
and a reflection of wealth and social status, rather than for its nutritional or medical 
values in China (Chiou et al. 2004; Sanguandeekul et al. 2008; To et al. 2006; Zhu 
2004). 
1.3.3 The abalone market 
The international trade of abalones is primarily driven by the demands in Asia, 
especially China, Japan and Singapore (Fleming 2003). With the large market 
demands for abalone, abalone aquaculture has been reported in China, Taiwan, 
Australia, South Africa, the USA, Chile, New Zealand, Ireland, France, Iceland, 
Spain and Peru (Viana 2002). As an important trade and economic centre in East Asia, 
Hong Kong acts as a major entrepot of abalone, involving some 48% of the global 
import market (FAO 2009, Hong Kong SAR Government 2010). 
Four commodity types of abalone products are namely 1) live, fresh or chilled, 2) 
frozen, 3) dried, salted or in brine and 4) prepared or preserved, recorded in Hong 
Kong. Table 1.2 and Figure 1.3 show the quantities of abalone imported into Hong -
Kong from 1991 to 2009 (Clarke 200; Hong Kong SAR Governement 2010). After 
the conversion to standardized weights among different product forms using 
conversion factors by Gordon (2000), the largest portions of imported abalone 
products are in dried, salted or in brine form, or preserved or processed form. In 2009, 
abalone products in Hong Kong was dominated by prepared or preserved products, 
involving 45% of all abalone products, followed by dried, salted or in brine abalone 
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products, which involved in 35% of the Hong Kong market. 
Canned abalone products are classified as the prepared or preserved abalone 
products (Gordon 2000). Canned abalone has occupied the largest market by product 
volume despite it is traditionally regarded as of lower category in the abalone market 
(Oakes & Ponte 1996). Most canned abalones were imported in Hong Kong and 
mainland China (Oakes & Ponte 1996). The brand names and countries of origins, 
rather than the species, account for the price differences (Oakes & Ponte 1996). 
Mexico's CalMex Brand, sourced from H. fiilgens, and the South African abalone, 
sourced from H. midae top the price in the abalone market, while the Black Foot 
abalone {H. iris) from New Zealand is at the bottom of the abalone market (Oakes & 
Ponte 1996). 
Another important abalone product is in dried form. Trade of dried abalones in 
China and Hong Kong also depends on brands instead of species, and each brand 
might include a mixture of species and are graded according to their sizes, texture 
and meat colours (Clarke 2002; Oakes & Ponte 1996). Five brands, Womabao (禾麻 
鮑)，Jipinbao (吉品鮑)，Dawangbao (大王鮑)，Zhongdongbao (中東鮑）and 
Feizhoubao (非洲鮑）are found in Hong-Kong, with H. discus discus, H, discus 
hannai and H, midae as the possible species (To et al. 2006). 
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Table 1.2 Imports of abalone products to Hong Kong, 1991—2009 (Hong Kong SAR 
Government 2010). 
Reported quantities in HK trade Quantities adjusted to live-in shell 
database (tonnes) weight equivalents^ (for non-live forms) 
Dried, Dried, Total (in Prepared Live， Prepared salted, salted, live-in shell Year Frozen or fresh or Frozen or or in or in weight preserved chilled preserved brine brine equivalents) 
1991 113 446 1338 301 1130 297 3680 5408 
1992 184 527 1563 342 1840 351 4298 6832 
1993 173 460 1092 471 1730 307 3003 5511 
1994 178 610 1280 302 1780 407 3520 6009 
1995 169 552 973 460 1690 368 2676 5194 
1996 142 562 1072 260 1420 375 2948 5003 
1997 181 617 1205 346 1810 411 3314 5881 
1998 173 829 1139 832 1730 553 3132 6247 
1999 143 686 1344 790 1430 457 3696 6373 
2000 246 865 1154 707 2460 577 3174 6917 
2001 315 829 1192 972 3150 553 3278 7953 
2002 351 820 1192 1081 3510 547 3278 8416 
2003 295 659 1410 1128 2950 439 3878 8395 
2004 475 656 1490 1236 4750 437 4098 10521 
2005 383 593 1264 901 3830 395 3476 8602 
2006 313 895 1491 1134 3130 597 4100 8961 
2007 325 540 1574 1338 3250 360 4329 9277 
2008 248 418 1626 1422 2480 279 4472 8652 
2009 318 626 1565 1504 3180 417 4304 9405 
Total 4725 12190 24964 15527 47250 8127 8127 139555 
""Live, fresh or chilled forms are assumed to be equivalent to live in-shell weights. Dried, 
salied or in brine; frozen; and prepared or preserved (assumbed to be canned) forms have ‘' 
been converted to standardized live-in shell weights using the following conversion 
factors: live weight = dried weight x 10 (Gordon 2000); live weight = frozen weight/1.5 
(derived for this study from wholesale price data); live weight = 5.5 x prepared abalone 
weight (Gordon 2000) and prepared abalone weight = canned/2 (derived from this study 
from gross versus net weights). 
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Figure 1.3. Quantity (tones) of abalone products imported in Hong Kong from 1991 
to 2009 (Hong Kong SAR Government 2010). Quantities of non-live 
forms adjusted to live-in shell weight equivalents (Gordon 2000). 
1.3.4 Adulteration of abalone 
The majority of abalone products in Hong Kong are processed or preserved 
abalone products, including canned abalones, and dried, salted or in brine abalone 
products, including the dried abalones and dried abalone slices. 
The shelling, canning and drying processes during production have modified the 
morphological features of abalone products. As a result, processed products from 
• ‘ 
different species share highly similar appearances and allow room for species 
substitution among Haliotis species, as well as adulteration by less valuable 
gastropod species other than Haliotis species (Elliott et al. 2002). 
Confused naming is also found in abalone and some gastropod products. A 
commercially important gastropod species, Concholepas concholepas, with "loco" 
and "false abalone" as its common name, is often labeled as "Chilean abalone"(智利 
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鮑）in Chinese society. Uninformed public would be misled with an impression that 
it is a member of the authentic abalone species, Haliotis species. 
Proper species identification of raw and processed abalone products is hence 
essential in safeguarding honest trading between consumers and the manufacturers 
(Civera 2003, Teletchea et al. 2005), and enhancing proper delivery of healthcare. 
Proper species identification method must be developed. 
1.3.5 Authentication of abalone 
1.3.5.1 Morphological identification 
Abalone is a spiral univalve mollusk. It can be distinguished from other 
gastropods by characteristic features of its shell. It is unique in having a row of pores 
near the edge of the shell (Fallu 1994). The common names among abalone species 
usually refer to the shell colour of different species (Hahn 1989). However, the shell 
colour of abalone could also be affected by the feed and adaptation to the 
environment (Zhu 2004), making species identification based on shell characteristics 
more difficult. Besides, characters including shell to body size ratios, shell sculpture 
and epipodial structures are also considered important in identification of abalone 
species (Brown 1993). During food processing, especially in the production of dried 
abalone and canned abalone, the shells of abalones are removed. Identification of 
abalone species is even more difficult without their shells. ‘ 
1.3.5.2 Chemical analysis 
A few studies suggest abalone meats contain specific chemical constituents for 
specific identification. However, chemical constituents in abalone meats also vary 
with abiotic factors and food processing. The levels of ATP, free amino acids (FAAs) 
and oligopeptides in H. discus meat are higher in summer than in winter (Hatae et al. 
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1995). Another study also suggested that the total n-3 and n-6 polyunsaturated fatty 
acids and total monounsaturated fatty acids are markedly higher in winter and spring 
than in summer and autumn in H. laeviata and H. rubra (Su et al. 2006). 
Olley & Thrower (1977) suggested ATP in abalone muscle broke down rapidly 
upon freezing. Besides, thermal processing in canning of abalones also causes further 
loss in weight of abalone meat due to loss of water and water-soluble components 
and conversion of collagen to gelatin (Warne & Brown 1984). These unstable 
chemical constituent qualities, besides affecting the abalone quality, also make 
abalone species authentication by chemical analysis difficult. 
1.3.5.3 Molecular analysis 
1.3.5.3.1 FINS analysis with mitochondrial COI and 16S rDNA 
Both COI and mitochondrial large subunit ribosomal DNA (16S rDNA) 
regions are well conserved and have been sequenced in various invertebrates 
(Bermingham & Lessios 1993; Brower 1994). Mitochondrial 16S rDNA region has 
been widely applied in phylogenetic studies of gastropods as it has high level of 
inter-specific polymorphism (Aguilera-Munoz et al. 2009). In addition, COI region 
has been considered as a robust evolutionary marker for determining intra- and 
inter-specific relationships in many molluscs (Baldwin et al. 1996; Boudry et al. 
1998; Hoeh et al. 1996). This region has also been suggested to be a "DNA barcode" . 
(Hebert et al. 2003) for determining animal species identity. 
COI and 16S rDNA regions were applied widely in phylogenetic analyses of 
abalone species (Aguilera-Munoz et al. 2009; An et al. 2005; Klinbunga et al. 2003; 
Wang et al. 2004). The sequences of Haliotis species available in GenBank are 
comparatively comprehensive and the COI and 16S rDNA regions may be desirable 
for FINS analysis of Haliotis species. FINS analysis based on 16S rDNA region was 
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previously applied to differentiate various cephalopod species (Chapela et al. 2002). 
The applicability of FINS by 16S rDNA and COI regions would be studied for the 
discrimination and identification of abalone species in food stuff in this study. 
1.3.5.3.2 Haliotis-specific detection 
DNA sequences obtained from abalone samples and GenBank can be compared 
to detect single nucleotide polymorphisms for species-specific primer design 
(Lockley & Bardsley 2000). The use of specific primers allows amplification of 
targeted products solely and can detect the targeted species by the presence or 
absence of the PCR amplicons on an agarose gel and omit the traditional analytical 
process such as DNA sequencing. 
The sequencing method, although accurate in identifying species, is complex 
and expensive, and is unsuitable for rapid and cost-effective analysis (Michelini et al. 
2007). When only a rapid screen for detecting possible violations of regulations is 
required, PCR with specific primers on specific species can serve as a rapid and 
cost-saving method to reveal adulterations and to protect consumers (Davidson 1998). 
In this study, a single Haliotis-spQCific primer for amplifying various species from 
genus Haliotis would be designed to reveal fraudulent substitutions in commercial 
abalone samples. 
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1.4 Aim and Objectives 
Adulterations by species substitution are reported in both Dongchongxiacao, 
and abalone. This study aims at investigating the adulteration situations of these two 
valuable herb and food in Hong Kong by morphological, chemical and molecular 
analyses. 
The objectives of this study are: a) authenticating and differentiating the 
genuine Dongchongxiacao from adulterants by morphological observation, chemical 
test and FINS analysis and investigating the species source of these adulterants by 
FINS analysis; b) discriminating and identifying the abalone species in food, stuff by 
FINS analysis and validating the abalone-specific primer to reveal fraudulent 
substitutions in commercial samples. 
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Chapter 2 Materials and Methods 
2.1 Materials used in this study 
This study aims to authenticate two valuable TCMs, namely Dongchongxiacao, 
and abalone, a food as well. The following samples were used in this study. 
2.1.1 Dongchongxiacao and Cordyceps samples 
A total of 22 samples named Dongchongxiacao (冬蟲夏草),Dongchongcao (冬 
蟲草）or Chongcao (蟲草）were obtained from the TCM shops in Hong Kong (DOl 
to D15) and provided by the Hong Kong Custom Department (DCOl to DCOT). One 
to two representative individuals were selected in each sample based on 
morphological observations. One individual was selected from samples DOl to D l l , 
D15, DCOl, DC03 to DCOT. Two individuals were selected from samples D12 to 
DM and CD02 and were labeled D12-1, D12-2, D13-1, D13-2, D14-1, D14-2, 
CD02-1 and CD02-2 respectively. A total of 26 sample individuals were included in 
the study. One Chongcaohua (蟲草花）sample (CFl) was also purchased from a 
TCM shop in Hong Kong. All purchased samples are listed in Table 2.1. Photos of 
the samples are shown in Figure 2.1. 
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Table 2.1 Dongchongxiacao samples obtained from the market included in the study 
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Figure 2.1 Dongchongxiacao samples obtained from the market in this study. The 
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Figure 2.1 Continued. 
Four fungal culture samples were collected from the USDA-ARS Collection of 
entomopathogenic Fungal Cultures (ARSEF) and included as reference samples in 
this study. They were C. militaris (ARSEF5804, ARSEF6248), Hirsutella sinensis 
(ARSEF6282) and C gimnii (ARSEF6828) respectively. 
Seventeen O. sinensis samples with different brand names and related 
adulterants were provided by Hing Kee Java Edible Bird's Nest Co., Ltd. and 
i 
included in this study as reference samples. 0. sinensis with different brand names 
were Hongyanjing Chongcao (紅眼睛蟲草）（CRE2 to CRE4), Xiaobaicao (小白草） 
(CXBl, CXB2, CXB4 to CXB6), Sichuan Chongcao (四川蟲草）（CSCl to CSC3) 
and Bhutan Chongcao (不丹蟲草）（CBDl) respectively. Adulterants named Fake 
Chongcao (作支蟲草）(CSMl to CSM4) were also included. All reference samples are 
listed in Table 2.2. Photos of reference samples are shown in Figure 2.2. 
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Table 2.2 Reference Cordyceps samples included in the study 
Voucher codes Species identity" or brand names^ 
ASREF5804 Cordyceps militaris 
ARSEF6248 Cordyceps militaris 
ARSEF6282 Hirsutella sinensis 
ARSEF6828 Cordyceps gimnU 
CRE2 Hongyanjing Chongcao 
CRE3 Hongyanjing Chongcao 




CXB 5 “ Xiaobaicao 
CXB6 Xiaobaicao 
CSCl Sichuan Chongcao 
CSC2 Sichuan Chongcao 
CSC3 Sichuan Chongcao 
CBDl Bhutan Chongcao 
CSMl Fake Chongcao 
CSM2 Fake Chongcao 
CSM3 Fake Chongcao 
CSM4 Fake Chongcao 
^Reference samples provided by ARSEF 
^Reference samples provided by Hing Kee Java Edible Bird's Nest Co., Ltd. 
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Figure 2.2 Reference Cordyceps samples in this study. The codes of these samples 
are listed in Table 2.2. The scale bar represents 1 cm. 
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2.1.2 Downloaded sequences from NCBI database included in Dongchongxiacao 
study 
A total of 36 sequences of ITS region, 21 sequences of nrLSU region, 23 
sequences of EF-la region and 16 sequences of rpbl region from 30 Cordyceps and 
Cordyceps-rQ\2i\.Qdi species were downloaded from NCBI GenBank and included in 
plotting NJ and MP trees for fungal part analyses. Species included and their 
corresponding accession numbers are shown in Table 2.3. 
A total of 12 sequences of CytB region and 7 sequences of COI region from 16 
Lepidoptera species were downloaded from NCBI GenBank and included in plotting 
NJ trees for caterpillar part analyses. Species included and their corresponding 
accession numbers are shown in Table 2.4. 
• • 
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Table 2,3 95 DNA sequences of 30 Cordyceps and Cordyceps-related species 
downloaded from NCBI GenBank for plotting NJ and MP trees 
Source location / NCBI accession number 
Species Voucher 
ITS nrLSU EF-la rpbl 
Information" 
Cordyceps bassiana / AJ564902 — 一 一 
Cordyceps bassiana / — — AY531970 — 
Cordyceps gunnii Guangdong, China AJ243772 一 一 一 
Cordyceps gunnii Guangdong，China AJ243773 一 一 一 
Cordyceps gimnii Yunnan, China AJ309340 一 一 一 
Cordyceps gunnii Tasmania, Australia AJ309344 一 一 一 
OSC 76404， 
Cordyceps gimnii 一 AF339522 AY489616 AY489650 
Tasmania, Australia 
Cordyceps hawkesii Hunan, China AJ309341 — — — 
Cordyceps kyuyuensis EFCC 5886 EF368021 EF468813 EF468754 EF468863 
Cordyceps militaris Guizhou, China AJ309329 — — — 
Cordyceps militaris / AJ309327 一 一 一 
Cordyceps militaris OSC 93623 一 AY 184966 DQ522332 DQ522377 
Cordyceps sp. BCMU CN03 AB233335 一 一 一 
Cordyceps sp. HMIGD 20927 EF495097 - - — 
Cordyceps sp. EFCC 2131 — EF468833 EF468770 -
Cordyceps sp. EFCC 2135 — EF468834 EF468769 一 
Haptocillium balanoides ARSEF 3350 EU086434 一 一 一 
Haptocillium balanoides CBS 250.82 AJ292414 AF339539 DQ522342 DQ522388 
Haptocillium sinense CBS 282.90 - AJ292415 一 一 一 
Haptocillium sinense CBS 567.95 AJ292417 AF339545 DQ522343 DQ522389 
Hirsutella sinensis HMAS 55469 AJ243980 - - -
Isaria farinosa / GU354359 一 — — 
Isahafarinosa OSC 111006 一 EF469080 EF469065 EF469094 
Metacordyceps liangshanensis EFCC 1452 - EF468815 EF468756 - ‘ 
Metacordyceps liangshanensis EFCC 1453 — EF468814 EF468755 -
Metacordyceps taii HMIGD 20925 EF495099 — 一 一 
Metacordyceps taii ARSEF 5714 一 AF543787 AF543775 DQ522383 
Metarhizhm anisopliae British Columbia EU307926 一 一 一 
Metarhizium anisopliae ARSEF 3145 一 AF339530 AF543774 DQ522399 
Metarhizium majus ARSEF 4566 — — EU248869 — 
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Table 2.3 Continued. 
Nectria cinnabarina NBRC 30679 AB237663 一 一 一 
Necthacinnabarina CBS 713.97 — AF193237 一 一 
Nectria cinnabarina CBS 114055 — — AF543785 AY489666 
Nomiiraea hleyi NBRC 8560 一 AB047211 — 一 
Nonmraearileyi CBS 806.71 AY624205 — EF468787 EF468893 
Ophiocordyceps wbertsii / AJ309335 一 — 一 
Ophiocordyceps robertsii KEW 27083 一 EF468826 EF468766 一 
Ophiocordyceps sinensis Sichuan, China AB067717 一 一 一 
Ophiocordyceps sinensis EFCC 7287 — EF468827 EF468767 EF468874 
Paecilomyces carneus CBS239.32 AY624171 EF468843 EF468789 EF468894 
Paecilomycescarneus CBS399.59 AY624170 EF468842 EF468788 EF468895 
Paecilomyces fumosowseus / AF461744 一 一 一 
Paecilomyces gimnii / AJ309339 一 — — 
Paecilomyces gunnii / AJ309343 _ 一 一 
Paecilomyces hawkesii / AJ309342 一 一 — 
Paecilomyces lilaciiws CBS 431.87 AY624188 EF468844 EF468791 EF468897 
Paecilomyces marquandii CBS 182.27 AY624193 EF468845 EF468793 EF468899 
Paecilomyces marquandii ARSEF 3047 EU553322 - 一 一 
Paecilomyces verticillatus / DQ836182 — 一 一 
Pochoniabulbillosa CBS 145.70 AJ292410 AF339542 EF468796 EF468902 
Pochonia bulbillosa RCEF 3428 EU000247 一 - — 
^ARSEF: USDA-ARS Collection of Entomopathogenic Fungal cultures, Ithaca, NY; 
BCMU: Beijing Capital Medical University, China; 
CBS: Centraalbureau voor Schimmelcullures, Itrecht, tlie Netherlands; 
EFCC: Entomopathogenic Fungal Culture Collection, Chuncheon, Korea; 
HMAS: Herbarium of the Institute of Microbiology, Chinese Academia of Sciences, China; 
HMIGD: Herbarium of Guangdong Institute of Microbiology, Guangzhou, China; 
KEW: Mycology Collection of Royal Botanical Garden, KEW, Surrey, UK; 
NBRC: NITE Biological Resource Center; ‘ 
OSC. Oregon State University Herbarium Corvallis, OR; 
RCEF: Research Centre Entomogenous Fungi of Anhui Agricultural University，China. 
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Table 2.4 19 DNA sequences of 16 Lepidoptera species downloaded from NCBI 
GenBank for plotting NJ trees 
CytB region COI gene region 
Bipectilusynnnanensis AF124305 Archon apoUimris DQ351033 
Hepiahis armoricamis AF124303 Bonatea duciata GU148235 
Hepialus baqingensis AF124304 Bonatea duciata GU154008 
Hepiahis cingulatus AF124321 Bonatea duciata GUI54009 
Hepialus Jianchuanetisis AF 124311 Bonatea duciata GU160982 
Hepialus luquensis AF124312 Hepialus humuli EU141367 
Hepialus meiliensis AF124326 Korscheltellus hipulinm AF549609 
Hepialus menyuanicus AF124323 ‘ • ，、:':, • ？V^,’ ::.•、:：'；'. '；• 
m ii^M 
2.1.3 Abalone and gastropod samples 
A total of 21 abalone and gastropod samples were obtained from the markets in 
Hong Kong. Five fresh (Al to A5), three dried (B1 to B3), four canned abalone 
samples (CI to C4)，three dried "abalone slices" samples (D1 to D3) and one frozen 
mimic "abalone slice" (D4) were included. One frozen (El) and one canned (E4) 
"Chilean abalone", two fresh gastropod samples (E2, E3) and one canned top-shell 
(E5) were included for comparison. All samples are listed in Table 2.5. Photos of 
samples are shown in Figure 2.3. 
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Table 2.5 Abalone and gastropod samples obtained from the market 
Voucher codes Commodity names 
Al Fresh abalone 
A2 Fresh abalone 
A3 Fresh abalone 
A4 Fresh Mexican abalone 
A5 Fresh South African abalone 
B1 Dried abalone 
B2 Dried abalone 
B3 Dried abalone 
CI Canned abalone 
C2 Canned abalone 
C3 Canned abalone 
C4 Canned abalone 
D1 Dried abalone slice 
D2 Dried abalone slice 
D3 Dried abalone slice 
D4 Frozen mimic abalone slice 
El Frozen Chilean abalone 
E2 Fresh gastropod 
E3 Fresh gastropod 
E4 Canned Chilean abalone 
E5 Canned top-shell 
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Figure 2.3 The abalone and gastropod samples obtained from the Hong Kong market 
in this study. The codes of these samples are listed in Table 2.5. The scale ‘ 
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2.1.4 Downloaded sequences from NCBI database included in abalone study 
A total of 34 sequences of 16S rDNA region and 33 sequences of COI 
sequences from 22 abalone and mollusk species were obtained from NCBI GenBank 
and were included in plotting NJ trees. Species included and their corresponding 
accession numbers are shown in Table 2.6. 
An addition of 29 sequences of 16S rDNA region from 23 Haliotis species were 
obtained from NCBI GenBank and included in alignment for determining a 
conserved region for designing a ^ a//o//5-specific primer (Table 2.7). 
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Table 2.6 67 DNA sequences of 21 abalone and gastropod species downloaded from 
NCBI GenBank for plotting NJ trees 
16S rDNA gene region COI gene region 
Balds eburnea DQ280051 Balds eburnea AF120636 
Concholepas concholepas EU636209 Concholepos concholepas EU517189 
Concholepas concholepas EU815824 Concholepas concholepas EU517201 
Concholepas concholepas EU815825 Concholepas concholepas EU517380 
Cymbium olla EU827199* Cymbium olla EU827199* 
Dosidicus gigas EU068697* Dosidicus gigas EU068697* 
Haliotis asinina AY163258 Haliotis asinina AY923917 
Haliotis asinina AY163259 Haliotis conicopora DQ279811 
Haliotis conicopom DQ276989 Haliotis discus AM049335 
Haliotis corrugata AY650172 Haliotis discus hannai AY319444 
Haliotis corrugata FJ977707 Haliotis discus hannai EU595789 
Haliotis discus AY146392 Haliotis diversicolor EU244364 
Haliotis discus hannai EU595789 Haliotis diversicolor diversicolor AY319441 
Haliotis discus hannai EU636208 Haliotis diversicolor diversicolor FJ197685 
Haliotis diversicolor EU244422 Haliotis diversicolor supertexta AY319443 
Haliotis diversicolor diversicolor AY 146397 Haliotis iris AF060854 
Haliotis diversicolor supertexta AY146396 Haliotis madaka AB236716 
Haliotis iris AY650166 Haliotis madaka AY146399 
Haliotis iris DQ276993 Haliotis midae AB236717 
Haliotis iris DQ279807 Haliotis midae AB236719 
Haliotis laevigata DQ279805 Haliotis midae AY923921 
Haliotis madaka AY 146394 Haliotis rubra AB236721 
Haliotis madaka AY650177 Haliotis rubra AB236722 
Haliotis midae AY650167 Haliotis rubra AY588938 
Haliotis ovina AY163255 Haliotis riifescens AY679082 
Haliotis rubra AY588938 Haliotis rufescens AY679083 
Haliotis rubra AY650155 Haliotis rufescens EU636201 ‘ 
Haliotis rufescens AY650164 Hemifusus colosseus AY885131 
Haliotis rufescens EU636207 Hemifusus colosseus EU086522 
Hemifusus colosseus AY885133 Hemifusus ternatanus AY885129 
Hemifusus ternatanus AY885132 Hemifusus ternatanus AY885130 
Hemifusus tuba AB044272 Littorina littorea EU876332 
Littorina littorea AF550471 Patella ulyssiponensis DQ'089596 
Patella ulyssiponensis DQ089557 ‘ ^ 广。” ‘ ‘ ：！ 
*Some DNA sequences are complete mitochondrial sequences and tliey were used in both regions 
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Table 2.7 Extra 29 DNA sequences of 16S rDNA region of 23 Haliotis species 
downloaded from NCBI GenBank for i/flr/zo^w-specific primer design 
Haliotis asinina AY650173 Haliotis kamtschatkana AY650163 
Haliotis australis AY650157 Haliotis laevigata AY650169 
Haliotis cracherodii AY428965 Haliotis ovina AY650154 
Haliotis cracherodii AY650159 Haliotispoiirtalesii AY650165 
Haliotis cyclobates AY650153 Haliotispushdata AY650175 
Haliotis discus AYS 19424 Haliotis roberti AY650150 
Haliotis discus AY650174 Haliotis roei AY650170 
Haliotis diversicolor AYS 1943 0 Haliotis roei DQ276990 
Haliotis diversicolor AY650171 Haliotis rugosa AY650176 
Haliotis dohrniana AY650152 Haliotis scalaris AY650156 
HalioUs fulgem AY428967 Haliotis soremeni AY650161 
Haliotisfulgens AY650158 Haliotis tuberculata AY650168 
Haliotis gigantean AY650160 Haliotis varia AY650149 
Haliotis gigantean AY146395 Haliotis walallemis AY650162 
Haliotis glabra AY650151 : y �、 … ‘ ‘ 
2.2 Reagents and equipments 
The steps required to obtain DNA sequences from samples included sample 
preparation, DNA extraction, polymerase chain reaction (PGR), agarose gel 
electrophoresis, amplicon DNA purification, cloning and cycle sequencing. Chemical 
test was also carried out to detect the presence of potassium alum in 
Dongchongxiacao samples. 
2.2.1 Chemical test on the presence of potassium alum in Dongchongxiacao 
The chemical test detected if any contamination of potassium alum [KA1(S04)2] 
on the samples. The reagents used were 25% barium chloride solution [BaCl2(aq)] and 
0. IM sodium hydroxide solution [NaOH(aq)] ’ chloroform and autoclaved MilliQ H2O. 
Equipment used was a pair of sterilized scissors. 
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2.2.2 Sample preparation and DNA extraction 
The purpose of sample preparation was to crush the samples into fine pieces to 
aid DNA extraction. DNA extraction was carried out to isolate and purify genomic 
and mitochondrial DNA from the samples. Reagents used were extraction buffer 
[200 mM Tris-HCl (pH 8.0), 200 mM NaCl, 25 mM EDTA, 0.5% SDS], 2X CTAB 
solution [2% CTAB (w/v), 100 mM Tris-HCl (pH 8.0), 20 mM EDTA (pH 8.0), 1.4 
M NaCl, 1% PVP], phenol: chloroform: isoamyl alcohol (25: 24: 1), chloroform: 
isoamyl alcohol (24: 1), isopropanol, 70% ethanol and autoclaved MilliQ H2O. 
Equipments used were a pair of sterilized scissors and a heat block. 
2.2.3 Polymerase Chain Reaction 
The purpose of polymerase chain reaction (PCR) was to amplify the desirable 
genes from the DNA extracts. The reagents used were lOX PCR buffer [10 mM 
Tris-HCl (pH 8.3)，50 mM KCl, 25 mM (MgCb), 0.001% gelatin], 2.5 mM dNTP 
mix, Taq polymerase and autoclaved MilliQ H2O. A thermal cycler was used to 
perform PCR. 
2.2.4 Agarose gel electrophoresis and Gene Clean 
J 
The purpose of agarose gel electrophoresis was to visualize the PCR products. 
The reagents used were IX autoclaved TAE buffer (40 mM Tris HCl, 40 mM acetic ‘ 
acid, 2 mM EDTA), agarose powder (separation > 500bp, Genetic Performance 
Certified™, Ultrapure, MB Grade, USB Corporation), ethidium bromide, 
autoclaved MilliQ H2O and DNA size marker. The equipments used were a gel cast 
and electrophoresis system (Major Science Snow Shorter MiniGel System), a 
PowerPac power supply (BioRad PowerPac 3000) and a UVP UV transilluminator 
Model M-15E. 
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Gene Clean employing a commercial kit of Huobio DNA Gel extraction kit 
(Huobio, Hong Kong) was performed to extract and purify amplified DNA excised 
from agarose gel using a scalpel for DNA sequencing. 
2.2.5 Cloning 
The purpose of cloning was to increase the copy number of the DNA fragments 
after purification of the PCR products. The reagents used were LB (LB broth, 
ultrapure, USB Corporation), LBA (LB, 50 |xg/ml ampicillin), autoclaved LBA agar 
(LB agar, ultrapure, USB Corpoation, 50 p,g/ml ampicillin added after, medium 
sterilization), E. coli DH5a competent cells, 0.4 M IPTG, 2% X-gal and autoclaved 
MilliQ H20. The equipments included were an Eppendorf Mastercycler® gradient 
thermal cycler, an incubator, Promega pGEM®-T Easy Vector System I and Viogene 
Mini-MTM Plasmid DNA Extraction System GF1002. 
2.2.6 Cycle sequencing 
The purpose of cycle sequencing was to obtain the DNA sequences of the 
purified DNA fragments in PCR. The reagents used were 3M CHsCOONa (pH 5.3), 
75% and 95% ethanol and autoclaved MilliQ H2O. The equipments used included a 
commercial kit Applied Biosystems BigDye® Terminator v3.1 Cycle Sequencing Kit, 
an Eppendorf Mastercycler® gradient thermal cycler and an applied Biosystems . 
ABI3100 Genetic Analyzer. 
2.3 Experimental procedures 
In the first part of the study, authentication of Dongchongxiacao, the experiment 
was divided into three parts — i) morphological observation of samples, ii) chemical 
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test on the presence of potassium alum and iii) species differentiation of samples by 
FINS analysis. 
In the second part of the study, authentication of abalone, the experiment was 
divided into three parts - i) morphological observation of samples, ii) species 
identification of samples by FINS analysis and iii) designing a specific primer to 
amplify a specific group of samples for rapid authentication. 
2.3.1 Morphological observation of Dongchongxiacao and abalone 
For the morphological observation of Dongchongxiacao samples, one or two 
individuals were selected from each purchased sample for chemical analysis based 
on preliminary morphological observations. Size, colour and presence of fungal and 
caterpillar features were observed based on descriptions suggested by Hu et al. 
(2003). One individual was selected from a homogenous sample in terms of similar 
size, colour and morphological characters of fungal and caterpillar parts. Two 
individuals were selected if two morpho-types were found. Samples lacking any 
macromorphological (of fungal and caterpillar) features were soaked in water, and 
anatomical features by cross section cut from the soaked specimen by free hand 
sectioning were examined under light microscopy. Samples with fine white powder 
on surface and with abnormally hard texture were selected for the chemical test of 
potassium alum. For the morphological observation of abalone samples, the size, ‘ 
food product form (whole mount or sliced), presence of shell were recorded. 
2.3.2 Chemical test of potassium alum in Dongchongxiacao 
Approximately 0.2 g samples from the caterpillar part were cut by a pair of 
sterilized scissors into small pieces and extracted with 1200 \i  autoclaved MilliQ 
H2O at room temperature for 30 min. The extract was centrifuged at 13000 rpm for 
59 
15 min and transferred to a new 1.5 ml centrifuge tube. Same volume of chloroform 
was added to an extract. The 2 phases were separated by centrifugation at 13000 rpm 
for 15 min and the supernatant was transferred to a new centrifuge tube. Ten |j1 
BaCl(aq) was added into 500 |il extract. White precipitate represented the presence of 
sulphate ion. 800 NaOH was added into other 500 i^l extract (Wu 2008; Zhan & 
Dai 1995). White precipitate in gel form represented the presence of aluminium ion. 
The co-existence of positive results in both tests suggested the presence of potassium 
alum in samples. 
2.3.3 Sample preparation and DNA extraction 
The extraction method was adopted and modified from Kang et al. (1998) for 
the extraction of DNA from the samples. 
Approximately 0.1 g of sample materials from fruiting body and caterpillar 
body of Cordyceps samples. Mycelia or samples from abalone and gastropod 
samples were minced and mixed with 500 yd extraction buffer at 37°C for 1 hour. 
The sample solution was then mixed with 400 (il CTAB and 800 phenol: 
chloroform: isoamyl alcohol (25: 24: 1) solution. The two phases were separated by 
centrifijgation at 13000 rpm at room temperature for 15 min. The upper phase was 
transferred to a new Eppendorf tube. The extraction was repeated with equal volume 
of chloroform: isoamyl alcohol (24:1). DNA was precipitated by adding 500 [i\ . 
isopropanol and standing on ice bath for 30 min, and was harvested by centrifugation 
at 13000 rpm at room temperature for 15 min. The crude DNA pellet was then 
washed by 70% ethanol, dried at 60®C using a heat block, and resuspended in 30 (il 
MilliQ H2O water and stored at -20"C. • 
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2.3.4 Polymerase Chain Reaction 
Polymerase chain reaction (PCR) was performed to amplify the desired DNA 
regions. Total PCR reaction mixture volume was 25 and each reaction mixture 
contains 1 \i  exacted DNA, 17.3 autoclaved MilliQ H2O, 2.5 …lOX PCR buffer, 
2 2.5 |xM dNTP, 0.2 |il Taq polymerase and 1 jil 10 jiM of each of the primer pair 
(Sambrook & Russell 2001). 
In the study of Dongchongxiacao, six regions were studied. Four regions, ITS, 
nrLSU, EF-la, and rpbl, were amplified for the fiingal part analysis using DNA 
extract extracted from fruiting body of samples. Two regions, mitochondrial CytB 
and COI were amplified for the caterpillar part analysis using DNA extract extracted 
from caterpillar part of samples. 
In the study of abalone, two regions, mitochondrial 16S rDNA and COI were 
amplified in all 15 abalone and gastropod samples. Two pairs of primers were used 
in amplifying COI fragments. COAbF and COAbR were used when DNA fragments 
could not be amplified from samples when primers LC01490 and HC02198 were 
used. 
The list of primer pairs and corresponding annealing temperatures are shown in 
Table 2.8 and details of the thermal cycle profile used are shown in Table 2.9 to 2.13. 
The reaction was performed using Eppendorf Mastercycler® gradient thermal cycler. 
/ 
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Table 2.8 Forward (F) and Reverse (R) primers used in PCR for the amplification of 
DNA fragments of ITS nrLSU, EF-la, rpbl, CytB and COI regions in 
Dongchongxiacao analysis and 16S rDNA and COI regions in abalone analysis 
Primer Sequences (5' -3')'^ Annealing Source 




ITS5 (F) GGA AGT AAA AGT CGT AAC AAG G White etal. 1990. 
ITS4 (R) TCC TCC GCT TAT TGA TAT GC White et al. 1990. 
nrLSU 50°C 
LROR (F) GTA CCC GCT GAA CTT AAG C Vilgalys & Sun 1994. 
LR5 (R) ATC CTG AGG GAA ACT TC Vilgalys & Sun 1994. 
EF-la 55°C 
EF-983F (F) GCY CCY GGH CAY GGT GAY TTY AT Currie et al. 2003. 
EF-2218R (R) GAC TTG ACT TCR GTV GTG AC Currie et al. 2003. 
rpbl 53。C 
CRPB1 (F) CCW GGY TTY ATC AAG AAR GT Castlebury et al. 2004. 
PRB1 Cr (R) CCN GCD ATN TCR TTR TCC ATR TA Castlebury et al. 2004. 
Caterpillar part 
CytB 53。C 
CB10933 TAT GTA CTA CCA TGA GGA CAA ATA TC Simon etal. 1994. 
(F) 
CB11367 ATT ACA CCT CCT A AT TTA TTA GGA AT Simon etal. 1994. 
(R) 
COI 53。C 
LepFl (F) ATT CAA CCA ATC ATA AAG ATA TTG G Hajibabaei et al. 2006. 
LepRl (R) TAA ACT TCT GGA TGT CCA AAA AAT CA Hajibabaei et al. 2006. 
Analysis of abalone 
16S rDNA 60。C ‘ 
16L1 (F) CTG ACC GTG CAA AGG TAG CGT AAT CAC T Hedges 1994. 
16H1 (R) CTC CGG TCT GAA CTC AGA TCA CGT AGG Hedges 1994. 
COI 53。C 
LC01490 (F) GGT CAA CAA ATC ATA AGA TAT TGG Folmer et al. 1994. 
HC02198 (R) TAA ACT TCA GGG TGA CCA AAA AAT C A Folmer etal. 1994. 
COAbF (F) TGA TCC GGC TTA GTC GGA ACT GC Metz et al. 1998. 
COAbR (R) GAT GTG TTG AAA TTA CGG TCG GT Metz et al. 1998. 
*H = (A/C/T), N = (A/G/C/T), R = (A/G)，V = (A/G/C), W = (A/T), Y = (OT) 
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Table 2.9 Thermal cycle profile for PCR of ITS and rpbl gene fragments 
Step Temperature Time length Purpose 
1 94°C 5 min Initial denaturation 
2 94X 45 sec Denaturation 
3 53®C 45 sec Annealing 
4 12X 45 sec Extension 
5 35 cycles of step 2 to 4 / / 
6 720c 5 min Final extension 
_7 ^ w End of cycle 
Table 2.10 Thermal cycle profile for PCR of nrLSU gene fragments 
Step Temperature Time length Purpose 
1 94°C 5 min Initial denaturation 
2 94®C 45 sec Denaturation 
3 50®C 45 sec Annealing 
4 72°C 45 sec Extension 
5 35 cycles of step 2 to 4 / / 
6 72。C 5 min Final extension 
7 4°C 00 End of cycle 
Table 2.11 Thermal cycle profile for PCR of EF-la gene fragments 
Step Temperature Time length Purpose 
1 94。C 5 min Initial denaturation 
2 94X 45 sec Denaturation 
3 55。C 45 sec Annealing 
4 72®C 45 sec Extension 
5 35 cycles of step 2 to 4 / / 
6 ll^C 5 min Final extension 
_7 ^ ^ End of cycle 
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Table 2.12 Thermal cycle profile for PGR of 16S rDNA gene fragments 
Step Temperature Time length Purpose 
1 94°C 5 min Initial denaturation 
2 94°C 45 sec Denaturation 
3 60°C 45 sec Annealing 
4 720C 45 sec Extension 
5 35 cycles of step 2 to 4 / / 
6 72°C 5 min Final extension 
J7 ^ w End of cycle 
Table 2.13 Thermal cycle profile for PGR of CytB and COI gene fragments 
Step Temperature Time length Purpose 
1 94OC 5 min Initial denaturation 
2 94。C 45 sec Denaturation 
3 53°C 45 sec Annealing 
4 T2X 45 sec Extension 
5 5 cycles of step 2 to 4 / / 
6 94°C 45 sec Denaturation 
7 53。C 45 sec Annealing 
8 竹C 45 sec Extension 
9 35 cycles of step 6 to 8 / / 
10 TfC 5 min Final extension 
J\ f C ^ End of cycle 
2.3.5 Agarose gel electrophoresis and Gene Clean 
Agarose gel electrophoresis was performed to visualize the PGR products. The 
gel was cast using 1.5% w/v agarose in IX TAE buffer with 0.5 i^g/ml ethidium 
bromide (Sambrook & Russell 2001) using Major Science Snow Shorter Mini Gel 
System. The PGR reaction mixture was mixed with 6X DNA loading dye (40% 
sucrose, 0.25% bromophenol blue) in the ratio of 6: 1. The mixture was then loaded 
into a well of the gel. Electrophoresis was performed at 120V for 20 min using 
BioRad PowerPac 3000. The gel was then examined under UV illumination. 
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Upon UV illumination, sharp bands representing the specific PCR products 
were cut out from gel using a clean, sharp scalpel for DNA recovery. After a band 
was cut from the gel, the scalpel was rinsed with 70% ethanol and autoclaved MilliQ 
H2O to avoid contamination. 
DNAs were recovered from gel slices using Huobio DNA Gel extraction kit 
(Huobio, Hong Kong), following the procedures of the manufacturer's protocol. The 
gel slices were put into 1.5 ml centrifuge tube and 500 |il Binding Buffer was added. 
The mixture was incubated at 60®C in a heat block until the gel slices were 
completely dissolved and was then cooled down to room temperature. After placing a 
column into a collection tube, 700 jil dissolved gel mixture was added into the 
column. It was then centrifuged at 12000 rpm for 1 min and the flow-through was 
discarded. The column was then washed with 700 \i  Washing Buffer and centrifuged 
at 12000 rpm for 1 min and the flow-through was discarded. The column was further 
centrifuged at 12000 rpm for 2 min. Finally, the column was transferred onto a new 
1.5 ml centrifiige tube and 40 |il 60°C autoclaved MilliQ H2O was added onto the 
centre of the silica membrane in the column. The column was incubated at room 
temperature for Imin and was centrifuged at 13000 rpm for 1 min to elute the 
purified DNA solution. The eluted solution was stored at -20°C. 
2.3.6 Cloning 
Purified PCR products of ITS and nrLSU gene regions from Gene Clean were 
cloned. PCR products were ligated into vector using Promega pGEM®-T Easy 
Vector System I, based on the modified procedure of manufacturer's protocol. Each 
ligation reaction mixture contains 2.5 (il 2X Rapid Ligation Buffer, 0.5 •T4 DNA 
ligase, 0.25 i^l pGEM®-T Easy Vector and 1.75 |xl eluted DNA. The mixture was 
incubated at 25°C for two hours. 
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After incubation, the ligation product was transformed into E. coli DH5a 
competent cells. The 100 )il cells which were stored at -80°C was first thawed in ice 
bath and then added with ligation product. The mixture was stood in ice bath for 30 
min. Heat shock was carried out by incubating the mixture at 42°C for exactly 2 min 
in a thermal cycler and immediately put the mixture back into ice bath for 2 min. 100 
[i\ yTC LB was added to the cells using aseptic technique. The mixture was 
incubated at 2>TC for 30 min. 
After incubation at 37°C for 30 min, a 55 solution containing 50 \i  X-gal and 
5 jil IPTG was added to the mixture. The mixture was then transferred and.spread on 
a warm (37°C) LB A agar plate using aseptic technique. The plate was incubated in 
an incubator at 37。C for 16 hours. 
A single cell would form a single colony on the plate after incubation. Three 
white colonies were randomly picked from ITS and nrLSU, regions each. Each 
colony was inoculated separately in 1 ml LB A and the culture was incubated at 3TC 
for 16 hours with shaking. After incubation, the culture was centrifuged at 13000 
rpm for 5 min. The supernatant was discarded and the cell pellet was used for 
plasmid DNA recovery. 
Plasmid DNA recovery was carried out using Viogene Mini-MTM Plasmid 
DNA Extraction System GF1002, following the procedure in manufacturer's 
protocol. Firstly, 250 |xl MXl Buffer was added to the cell pellet and the cells were . 
resuspended completely by vortexing. Secondly, 250 |il MX2 Buffer was added to 
the mixture and was gently mixed by inverting the tube by four to six times. The 
mixture was incubated at room temperature for 5 min. Thirdly, 350 \x\ MX3 Buffer 
was added to the mixture and the mixture was gently mixed. The mixture was 
centrifuged at 13200 rpm for 10 min. The supernatant was then transferred to a 
collection tube with a Mini-M^^ column placed. The column was centrifuged at 
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13000 rpm for 1 min and the flow-through was discarded. Afterwards, the column 
was rinsed with 500 WF Buffer and centrifuged for 1 min. After discarding the 
flow-through, the column was rinsed with 700 WS Buffer and centrifuged at 
13200 rpm for 1 min. The flow-through was discarded and the column centrifuged at 
13200 rpm for 3 min. The column was placed in a new 1.5 ml centrifuge tube and 40 
autoclaved MilliQ H2O was added onto the centre of the membrane in the column. 
Finally the column was incubated at room temperature for 2 min and was centrifuged 
for 2 min to elute the solution. The eluted solution was stored at -20°C. 
2.3.7 Cycle sequencing 
Primer T7P (5' TAA TAG GAC TCA CTA TAG GG 3') was used for 
sequencing the cloned products of ITS fragment in the recombinant plasmid. For the 
amplicons of other gene regions, both strands were sequenced using the forward or 
reverse primer alone and the PCR Product Pre-sequence Kit (USE Co., Cleveland, 
OH, USA). Cycle sequencing was performed using ABI PRISMTM BigDye 
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster, CA, USA). 
2.3.8 Sequences analyses 
DNA sequences of all samples were searched in National Center for 
Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/) nucleotide • 
BLAST and Barcode of Life (BOLD, http://www.boldsystems.org/views/login.php) 
identification system (BOLD-IDS) to find out their possible source species. For 
NCBI nucleotide BLAST, nucleotide collection (nr/nt) was chosen as the database 
and Megablast was chosen as the BLAST algorithm. For BOLD-IDS, the Species 
Level Barcode Records was chosen as the search database. 
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Three softwares were applied in DNA sequence analyses. Sequence quality and 
manual editing were carried out using BioEdit 7.0.5.3 (Hall 1999). DNA sequences 
were aligned with Clustal X 1.81 (Thompson et al. 1997). Phylogenetic trees were 
constructed using program MEGA 4 (Tamara et al. 2007). 
In the Dongchongxiacao analysis, neighbor-joining (NJ) trees (Saitou and Nei 
1987) of the six regions were constructed with kimura-2-parameter (K2P) distances 
(Kimura 1980). Bootstrap analyses (Felsenstein 1985) for 1000 replicates were 
performed to provide confidence estimates for tree topologies. Maximum parsimony 
(MP) tree based on combined data set of three genes (nrLSU, EF-la and jpbl) was 
also constructed with Close-Neighbor-Interchange algorithm (Nei & Kumar 2000). 
In the analysis of abalone, bootstrapped NJ trees of the two regions studied were 
constructed with K2P distances. 
2.3.9 Haliotis-speciric primer design and PGR test 
After obtaining DNA seqeunces of 16S rDNA region from abalone and 
gastropod samples, additional sequences of 16S rDNA region of Haliotis species 
were downloaded from GenBank and included for sequence alignment. Interspecific 
variation among gastropod species was evaluated. Diagnostic sites were detected in 
accordance with the sequence alignment result. A Haliotis-speciflc primer [AbaF2 
(5' AGA CCC TGT TGA GCT TTA GTG T 3')] specific to abalone {Haliotis spp.) • 
was designed at site 116-137 based on alignment result (Appendix 1). The relative 
annealing sites and orientation of primers are shown in Figure 2.4. 
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Figure 2.4 A schematic diagram of the 16S mitochondrial rDNA gene showing 
relative annealing sites and orientation of primers used in the PCR 
assays. 
PCR was performed to amplify specific fragments of approximately 320 bp 
from all abalone and gastropod samples with primer pair AbaF2 and 16H1. Total 
amplification-reaction volumes were 12.5 |il and contained 0.5 |il exacted DNA, 8.65 
|il autoclaved MilliQ H2O, 1.25 |il lOX PCR buffer, 1 ^ il 2.5 ^M dNTP, 0.1 i^l Tag 
polymerase and 0.5 \x\ 10 |jM of each of the primer pair. The reaction conditions 
were initially tested in Eppendorf Mastercycler® gradient thermal cycler with the 
temperature gradient option to determine the most stringent annealing temperature 
(range used: 55®C-65''C) that could be used for the Haliotis-spQcific primer to 
amplify the target species. The cycling profile is presented in Table 2.14. Five [d 
amplification products were analysed on 1.5% agarose gels stained with ethidium , 
bromide in TAE buffer and presented in Figure 2.5. Optimal annealing temperature 
was determined to be 60°C. 
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Table 2.14 Thermal cycle profile for PCR of testing annealing profile of 
//a/zo//5-specific primer 
Step Temperature Time length Purpose 
1 94°C 5 min Initial denaturation 
2 94®C 30 sec Denaturation 
3 55-65°C 30 sec Annealing 
4 ITC 30 sec Extension 
5 35 cycles of step 2 to 4 / / 
6 72°C 5 min Final extension 
_7 f C w End of cycle 
1 2 3 4 5 6 7 8 91011 12M 
•
800bp 
55<»C > 65«C 
Figure 2.5 Experimental determination of optimal annealing temperature of 
Haliotis-s^Qci^ iQ, primers. Using the gradient function of the universal 
block, a gradient of 55°C to 65°C was set. Sample Al is used as positive 
control. (Lane 1 to 11: Products with gradient annealing temperature 
from 55®C to 65®C; lane 12: negative control amplified at 55°C; lane M: 
molecular marker ladder lOObp, the brightest band = 800bp.) ‘ 
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Chapter 3 Results 
3.1 Dongchongxiacao 
3.1.1 Morphological observations 
Table 3.1 records the morphological features of all Dongchongxiacao and 
Cordyceps samples. Dongchongxiacao samples were divided into four groups based 
on their different morphological features. Most studied and reference samples (D1 to 
11, 12-1, 13-1, 15; DCOl to DC07; CRE2 to CRE4; CXBl, CXB2, CXB4 to CXB6; 
CSCl to CSC3; CBDl; CSMl to CSM4) share similar morphological features as 
follows: yellowish brown, deep yellow or deep brown caterpillar hosts and deep 
brown to yellowish grey fruiting bodies. Fruiting body parts were broken or lost in 
some samples. If the fruiting bodies emerged from the heads of caterpillar hosts, they 
were solitary. The four of the eight pairs of feet in the middle of caterpillar body 
were more conspicuous in samples D1 to D8, 12-1, 15; DCOl to DC07; CRE2 to 
CRE4; CXBl, CXB2, CXB4 to CXB6; CSCl to CSC3; CBDl than in samples D9 to 
D l l , 13-1; CSMl to CSN4. (Table 3.1). 
D12-2 had neither caterpillar-like nor fungal-like structures. Both ends of the 
sample were pointed. The sample was swollen and lateral buds were observed after 
soaking the sample in water (Figure 3.1). Parenchyma cells were observed under 
microscopic inspection (Figure 3.2). It was suspected to be adulterant from plant 
materials. PCR amplification and DNA sequencing of chloroplast trnH-psbA 
intergenic spacer region were carried out with this sample. 
D13-2 shared similar morphological features with most Dongchongxiacao 
samples but fine white powder was observed on the caterpillar and its texture was 
abnormally hard. It was suspected to be chemically contaminated and was selected 
for detection of potassium alum. 
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The insect host part of sample D14-2 was pupa-like instead of caterpillar-like. 
Fruiting bodies were absent in samples D12-1, D14-1 and D14-2. The similarities in 
morphological features among samples and the missing of some sample parts have 
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Figure 3.1 Dongchongxiacao sample D12-2. (A) Before soaking in water. (B) After 
soaking in water. 
H P i 
Figure 3.2 Cross section of Dongchongxiacao sample D12-2 under light microscope 
(20X). 
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3.1.2 Chemical test of potassium alum 
D13-2 and three reference samples CRE, CXB and CSC were chosen for 
analysis of potassium alum. Another Dongchongxiacao sample, D15, was randomly 
chosen as control. Formation of white precipitates in both tests represented positive 
results. Positive results in both BaCl2(aq) and NaOH(叫）tests were observed in sample 
D13-2 and positive control of O.IM potassium alum as shown in Table 3.2 and Figure 
3.3. These results suggest that potassium alum might have been added into sample 
D13-2. 
Table 3.2. Result of test for presence of potassium alum in reference and 
purchased Cordyceps samples (Codes refer to Tables 2.1 and 2.2). 
Label + lO^il 25% BaChcag) + 800^1 O.IM NaOH(aq) 
D13-2 Positive Positive 
D15 Negative Negative 
CRE Negative Negative 
CXB Negative Negative 
CSC Negative Negative 
Positive control Positive Positive 
(O.IM potassium alum) 
Negative control Negative Negative 
(Distilled water) 
Key: 
"Negative" refers to no observable change after addition of BaCb or NaOH 
"Positive" refers to observable change after addition ofBaCb or NaOH 
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(A) 
D13-2 D15 CRE CXB CSC +vectrl -vectrl 
(B) 
inikbii 
j ^ O m i S B L J H 
D13-2 D15 CRE CXB CSC +vectrl -ve Ctrl 
(C) 
1 ' "iijfi m•丨1丨丨| 丨響丨丨丨丨丨 m 
E g y E g g 
D13-2 D15 CRE CXB CSC +vectrl -vectrl 
Figure 3.3 Chemical test on the presence of potassium alum. (A) Sample extracts ‘ 
before tests. (B) After the addition of 10 |il 25% BaCb. (C) After the 
addition of 800 |il IM NaOH. [+ve Ctrl (positive control): O.IM 
potassium alum; -ve Ctrl (negative control): distilled water, other codes 
refer to Tables 2.1 and 2.2] 
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3.1.3 Sequence analyses 
PCR amplification and DNA sequencing of ITS, nrLSU, EF-la and rpbl gene 
regions of the flingal part, and mitochondrial CytB and COI regions of the caterpillar 
part, of Cordyceps samples were performed. Negative amplification was resulted in 
some samples and all sequences successfully obtained were deposited in NCBI 
GenBank (Appendix 2). The read lengths of the positive amplicons of ITS, nrLSU, 
EF-la, rpbl, CytB and COI regions were approximately 550 bp, 900 bp, 600 bp, 800 
bp, 500 bp and 650 bp respectively. The sequences with the highest match of CytB 
from NCBI nucleotide BLAST database and COI region from both NCBI nucleotide 
BLAST and BOLD-IDS databases are recorded in Appendices 3 to 5 respectively. 
Together with the sequences downloaded from NCBI database, dendrograms are 
constructed to check the possible source species of the samples in this study. 
For ITS sequences, the common aligned length of 45 sample sequences and 31 
related sequences from NCBI database was 644 bp, with the number of variable sites 
and parsimony informative sites being 355 bp and 290 bp respectively. The aligned 
sequences are shown in Appendix 6. 
For nrLSU sequences, 43 sample- sequences and 21 related sequences from 
NCBI database were aligned for a common region of 834 bp，with the number of 
variable sites and parsimony informative sites being 258 bp and 116 bp respectively. 
The aligned sequences are shown in Appendix 7. . 
The aligned length of 43 EF-la sample sequences and 23 related sequences 
from NCBI database was 559 bp, with 207 variable sites and 153 parsimony 
informative sites. The aligned sequences are shown in Appendix 8. 
For rpbl sequences, the aligned length of 39 sample sequences and .16 related 
sequences from NCBI database was 642 bp, with the number of variable sites and 
parsimony informative sites being 334 bp and 299 bp respectively. The aligned 
79 
sequences are shown in Appendix 9. 
As ITS sequences varied a lot among sequences, data sets of the three regions, 
nrLSU, EF-la and rpbl, were combined and aligned. The aligned length of 13 
sample sequences and 16 related species sequences was 2035 bp, with the number of 
variable sites and parsimony informative sites being 670 and 537 respectively. The 
aligned sequences are shown in Appendix 10. 
For CytB sequences, the aligned length of 37 sample sequences and twelve 
related sequences from NCBI database was 434 bp, with the number of variable sites 
and parsimony informative sites being 163 and 90 respectively. The aligned 
sequences are shown in Appendix 11. 
For COI sequences, the aligned length of 35 sample sequences and seven related 
sequences from NCBI database was 635 bp, with the number of variable sites and 
parsimony informative sites being 203 and 157 respectively. The aligned sequences 
are shown in Appendix 12. Sample sequences of D14-1 and CSMl show a 95-96% 
similarity with that of the fungus Metarhizium anisopliae (GenBank accession no: 
AY884128) indicating the presence of anamorphic stage. Therefore, these sample 
sequences were not included in alignment and dendrogram construction. The aligned 
sequences of samples D14-1, CSMl andM anisopliae are shown in Appendix 13. 
Genetic distance measurements of the sample sequences and downloaded 
sequences from GenBank (Tables 2.3 and 2.4) were carried out using K2P algorithm. ‘ 
The genetic distances of ITS, nrLSU, EF-la, rpbl, combined data set of three 
regions (nrLSU, EF-la and rpbl), CytB and COI regions are shown in Appendices 
14 to 20 respectively. 
PCR amplification and DNA sequencing of chloroplast trnH-psbA -intergenic 
spacer region were carried out with sample D12-2 with forward primer psbAF (5' 
G T T A T G c a t G A A C G T A A T G C T C 3') and reverse primer tnrHR (5' CGC 
80 
GCA TGG TGG ATT CAC AAA TC 3') (Sang et al. 1997). The read length of 
amplicon was approximately 450 bp. The sample sequence was searched in NCBI 
nucleotide BLAST. The sequence shows a similarity of 99% to the plants Stachys 
geobombycis (Genbank accession no. FJ513088) and S. riederi (GenBank accession 
no. FJ513142). The three sequences are aligned and shown in Appendix 21. 
3.1.4 The dendrograms 
NJ trees of ITS, nrLSU, EF-la and rpbl regions for flingal part analyses are 
constructed and shown in Figures 3.4 to 3.7 respectively. MP analysis was conducted 
in the combined 3-gene data set. MP analyses resulted in 16 equally parsimonious 
trees and the strict consensus tree is shown in Figure 3.8. NJ trees of CytB and COI 
regions for caterpillar part analysis are constructed and shown in Figures 3.9 and 
3.10 respectively. 
In the NJ trees of four fiingal regions (ITS, nrLSU, EF-la and rpbl), 
Dongchongxiacao samples D1 to D8, D12-1, D15, DCOl to DC07，and reference 
samples CRE2 to CRE4, CXBl, CXB2, CXB4 to CXB6, CSCl to CSC3 and CBDl 
clustered with reference sample Hirsutella sinensis (ARSEF 6282) and NCBI 
GenBank sequence of Ophiocordyceps sinensis (GenBank accession no. AB067717) 
to form a clade, suggesting these samples are O. sinensis and are authentic. In all the 
four cases, genetic variations were found among samples. The genetic distance . 
values (K values) among these samples ranged from 0 to 0.037 in ITS region, 0 to 
0.204 in nrLSU region, 0 to 0.016 in EF-la region, and 0 to 0.009 in rpbl region. 
The K value range of sequences from nrLSU region was significantly larger than the 
ones of other three regions. The large K value in nrLSU region was mainly 
contributed by the abnormally high AT content in sample CBDl (55.60%) compared 
with other samples 
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Figure 3.4 K2P distance NJ tree of ITS sequences from 41 fungal samples (codes 
refer to Tables 2.1 and 2.2) and 35 related NCBI GenBank sequences， 
with bootstrap values indicated at branches (Bootstrap values less than 50 
are not shown). 
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Figure 3.5 K2P distance NJ tree of nrLSU sequences from 43 fungal samples (codes 
refer to Tables 2.1 and 2.2) and 21 related NCBI GenBank sequences, 
with bootstrap values indicated at branches (Bootstrap values less than 50 
are not shown). ‘ 
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Figure 3.6 K2P distance NJ tree of EF-la sequences from 43 fungal samples (codes 
refer to Tables 2.1 and 2.2) and 23 related NCBI GenBank sequences, 
with bootstrap values indicated at branches (Bootstrap values less than 50 ‘ 
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Figure 3.7 K2P distance NJ tree of rpbl sequences from 39 fungal samples (codes 
refer to Tables 2.1 and 2.2) and 16 related NCBI GenBank sequences， 
with bootstrap values indicated at branches (Bootstrap values less than 50 
are not shown). 
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tree was assessed with 1000 bootstrap replicates, with bootstrap values 
indicated at branches (branches corresponding to partitions reproduced in 








50 D7 「D8 
DC01 
| j D 5 ；5^D6 
(,6J— Mepialus yushuensis AF124322 
80 In——Hepialus oblifurcus AF124319 
~UCSC2 
64^ Hepialus baqingensis AF124304 
• 1 D3 
QQ 63 DC07 
^ [_ j Hepialus armoricanus AF124303 
62 67 ^ DC06 
Hepialus meiliensis AF124326 Hosts of authentic samples 
Hepialus cingulatus AF124321 
100 r CXB2 
90 1 I ~ C X B 4 
CXB1 





~ ~ D4 
Hepialus yulongensis AF124316 
89「Hepialus jianchuanensis AF124311 
55 ^ — Hepialus yunnanensis AF124324 
_ 57j——Hepialus menyuanicus AF124323 
92 n——Hepialus luquensis AF124312 




60 I D10 “ 
I D11 
i-D9 
「CS M2 Hosts of adulterants 
L r C S M 1 
]-CSM3 
] _ r D14-1 
D14-2 」 
Bipectilus yunnanensis AF124305 
I 1 • 
0.02 
Figure 3.9 K2P distance NJ tree of CytB sequences from 37 caterpillar samples 
(codes refer to Tables 2.1 and 2.2) and twelve related NCBI GenBank 
sequences, with bootstrap values indicated at branches (Bootstrap values 
less than 50 are not shown). • 
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Figure 3.10 K2P distance NJ tree of COI sequences from 35 caterpillar samples 
(codes refer to Tables 2.1 and 2.2) and seven related NCBI GenBank 
sequences, with bootstrap values indicated at branches (Bootstrap values 
less than 50 are not shown). 
(41.60 to 42.00%). It contained 121 variable sites (approximately 14.00%) compared 
with other 0. sinensis sequences (Appendix 7). A long branch of CBDl in NJ tree of 
nrLSU (Figure 3.3) was resulted. Excluding the sample CBDl, the K values among ‘ 
these authentic samples ranged from 0 to 0.061. In the NJ tree of EF-la region 
(Figure 3.4), most authentic Dongchongxiacao samples and reference authentic 
samples CSCl and CSC2 clustered to a group, and other authentic reference samples 
with different brand names (CXB, CRE and CBD) clustered with some 
Dongchongxiacao samples, Dl , D4, DC02-1, DC02-2 and DC05, into another group. 
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And in the NJ tree of ITS region (Figure 3.2), the groupings were more scattered. 
This may be due to the local variation among different clones in the fungal samples 
(Liu et al. 2002). 
In all the four NJ trees, on the other hand, Dongchongxiacao samples D9 to D l l , 
D13-1 and D14-1 and reference adulterant samples CSM2 to CSM4 clustered to 
form a single clade. In NJ tree of ITS region, these samples clustered with Cordyceps 
gunnii and C hawkesii sourced from China (sample source referred to Table 2.3)， 
supported by bootstrap value of 98, suggesting these samples might be adulterants 
from C: giinnii and C. hawkesii from China. However, there is no corresponding 
sequences from nrLSU, EF-la and rpbl regions of the Chinese samples in GenBank 
to confirm their identities. Intra-specific variation was found in ITS region of 
reference sample C. gunnii (ARSEF 6828), and the sample clustered with another C 
gunnii sourced from Tasmania, supported by bootstrap value of 86. However, these 
samples were distinctly separated from the Dongchongxiacao samples D9-D11， 
D13-1 and D14-1, reference adulterant samples CSM2-CSM4 and C. gimnii and C. 
hawkesii from China. Similar discrepancy was found in the consensus MP tree of 
combined three-gene data set (Fig. 3.8). These adulterant samples (D9 to D l l , D13-1, 
D14-1 and CSM2 to CSM4), generally regarded as C. gunnii in China, also clustered 
in a clade, and excluded C. gunnii samples from Tasmania. The molecular results 
clearly demonstrated that Cordyceps samples generally identified as C. gimnii in < 
China is definitely not con-specific with Tasmanian samples. 
Another Dongchongxiacao sample, D14-2, clustered with Metacordyceps taii in 
all four trees, suggesting this sample is an adulterant sourced from M. taii. 
Furthermore, an reference adulterant, CSMl, clustered with Cordyceps species in NJ 
tree of ITS region while its closest matched sequences in nrLSU and EF-la regions 
was M liangshanensis, another substitute of Dongchongxiacao reported in China 
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(Zhao 2008). The Chongcaohua sample CFl clustered with C. militaris in all NJ 
trees of four regions and consensus MP tree, suggesting Chongcaohua is C. militaris. 
For caterpillar host analyses, the constructed NJ trees of mitochondrial regions 
CytB and COI showed similar patterns (Figures 3.9 and 3.10). Based on the NJ tree 
of CytB region and BLAST search result (Appendix 3), Dongchongxiacao samples 
D2 to D3, D5 to D8, D15, DCOl, DC03, DC04, DC07 and reference samples CSCl 
to CSC3 showed high similarities (98.00 to 99.00%) with Hepialus yushuensis. 
Samples DC05 and reference samples CRE2 to CRE4 clustered with H. menyuamcus\ 
while Dongchongxiacao sample DC06 clustered with H. armoricanus. All the three 
species were hosts of O. sinensis (Chen & Jin 1992). Dongchongxiacao sample 
DC02-1 and DC02-2 and reference sample CBDl clustered to form a dade. Another 
group of reference samples, CXBl, CXB2 and CXB4 to CXB6 also clustered to form 
another dade. Both clades showed the highest similarities (95.00% and 92.00 to 
93.00% respectively) to H. jianchuanemis. Thus the source species of these samples 
remained uncertain. Furthermore, Dongchongxiacao samples D9 to D l l , D14-1 and 
D14-2 and reference adulterant samples CSM1-CSM4 clustered to form a dade and 
the closest BLAST search results were some Hepialus species including H. 
yunnanemis, H. cingulatus, H. jianchuanemis and H. remhiensis with similarities 
ranging from 90.00 to 91.00% only, suggesting the exact species source of these 
samples remained unknown. . 
Based on the NJ tree of search results in NCBI nucleotide BLAST (Appendix 4) 
and BOLD-IDS (Appendix 5) of COI region, Dongchongxiacao samples D2 to D4, 
D6 to D8, D15, DCOl, DC03-DC07 clustered with reference authentic samples 
CSCl and CSC2 to form a dade. Sample DC05 was close to reference samples 
CRE2 to CRE4. Samples DC02-1 and DC02-2 clustered with reference sample 
CBDl to form a dade. Reference samples CXBl to CXB2, CXB4 to CXB6 clustered 
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to form another clade. Dongchongxiacao samples D9, DIO and D14-2 clustered in 
the same clade with reference adulterants CSM2 to CSM4. However, in all cases, the 
search results were some moth species from family Hepialidae with sequence 
similarity ranged from 87.00 to 92.28%, suggesting the exact species source of these 
samples could not be determined. 
3.2 Abalone 
3.2.1 Morphological observations 
All abalone products were visually inspected and the morphological features are 
recorded in Table 3.3. All fresh (Al to A5), three dried (B1 to B3), four canned 
abalone products (CI to C4) and gastropod products E1-E4 were whole pieces while 
the three dried abalone products (D1 to D3), frozen mimic abalone slice (D4) and 
canned top-shell product (E5) were in sliced form. Four fresh abalones (Al, A2, A4 
and A5) and two fresh gastropods (E2, E3) contained shells while the fresh abalone 
A3 and other processed (dried, canned or frozen) products (B1 to B3, CI to C4, D1 
to D3) were shelled. The abalones varied in size (Table 3.3). Samples with shells 
contained some distinctive morphological features, while shelled products had lost 
all distinct morphological features for species identification. 
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Table 3.3. Morphological features of abalone samples in this study 
Voucher codes Size (cm) Product form Presence of shell? 
Al 4.6x2.2 Whole piece Yes 
A2 8.3x5.5 Whole piece Yes 
A3 12.9 X 6.6 Whole piece No 
A4 9.7x7.0 Whole piece Yes 
A5 8.7x4.8 Whole piece Yes 
B1 9.3x7.0 Whole piece No 
B2 4.1x3.6 Whole piece No 
B3 2.5 X 1.7 Whole piece No 
CI 10.3x7.2 Whole piece No 
C2 12.0x8.1 Whole piece No 
C3 8.9x5.5 Whole piece No 
C4 8.7x 7.7 Whole piece No 
D1 11.1x4.2 Sliced form No 
D2 14.3x5.2 Sliced form No 
D3 11.9x9.9 Sliced form No 
D4 6.5x3.0 Sliced form No 
El 10.0x8.3 Whole piece No 
E2 15.2x7.0^ Whole piece Yes 
E3 18.0x5.5" Whole piece Yes 
E4 6.5 X 6.6 Whole piece No 
E5 5.7x7.6 Whole piece No 
asize of shell was measured 
3.2.2 Sequence analyses 
PCR amplification and DNA sequencing of mitochondrial 16S rDNA and COI 
regions were performed. All sequences obtained were deposited in NCBI GenBank ‘ 
and the corresponding accession numbers are listed in Appendix 22. The read length 
of the positive amplicons of 16S rDNA region was approximately 450 bp while the 
positive amplicons of COI region was approximately 650 bp. The sample sequences 
were searched in NCBI nucleotide BLAST and BOLD-IDS. The sequences with the 
highest match were recorded in Appendices 23 to 25 respectively. Together with the 
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sequences downloaded from NCBI database, dendrograms were constructed to find 
out the possible source species of the samples in this study. 
For 16S rDNA sequences, the aligned length of sample sequences and those 
from NCBI database was 437 bp, with the number of variable sites and parsimony 
informative sites being 281 and 237 respectively. The aligned sequences are shown 
in Appendix 26. 
For COI sequences, the aligned length of sample sequences and those from 
NCBI database was 547 bp, with the number of variable sites and parsimony 
informative sites being 276 and 255 respectively. The aligned sequences are shown 
in Appendix 27. Since a sequence of bacterium Vibrio sp. was amplified in D2, the 
corresponding sequence was not included in alignment (Appendix 28) and 
dendrogram construction. Based on the search result in BOLD-IDS, the sample D2 
was Hymenodora species (Appendix 25). 
Genetic distances of 16S rDNA and COI sequences downloaded from GenBank 
(Table 2.6) and of the samples were measured using K2P algorithm. The genetic 
distance measurements of 16S rDNA and COI are shown in Appendices 29 and 30 
respectively. The interspecific comparisons between difference genera ranged from 
0.145 and 0.459 for 16S rDNA region and 0.129 to 0.396 for COI region. While for 
interspecific comparisons within the genus Haliotis, the distance values ranged from 
0.033 to 0.089 in 16S rDNA region and 0.129 to 0.396 in COI region, whereas the • 
intraspecific variation ranged from 0 to 0.006 in 16S rDNA region and 0 to 0.28 in 
COI region. 
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3.2.3 The dendrograms 
NJ trees of 16S rDNA and COI sequences were constructed based on the 
corresponding genetic distances (Figures 3.11 and 3.12). In both figures, Haliotis 
species were clearly differentiated from other gastropod species with high bootstrap 
value. Each Haliotis species pair clustered and was separated from other Haliotis 
species with highly supported bootstrap values, suggesting Haliotis species could be 
resolved by 16S rDNA and COI regions. 
Results from NJ trees showed that sample Al was H. diversicolor, A2 and B2 
were H. discus, A3 was H. asinim, A4 was H. riifuescem, A5, B1 and C3 were H. 
midae, B3 was H. madaka, CI was H. rubra’ C2 was H. iris and C4 was H. 
corrugata. These results reveal that all fresh, dried and canned abalone products (Al 
to A5, B1 to B3, CI to C4) included in this study were various Haliotis species from 
family Haliotidae. On the other hand, all "dried abalone slices" (D1 to D3) were the 
same as canned topshell (E5), instead of Haliotis species, suggesting the presence of 
adulterants in market. Unfortunately based on the search results in NCBI GenBank 
and BOLD-IDS, the closest species was a gastropod species, Cymbhim oUa, with the 
maximum identity ranged from 88.00 to 91.00% only, suggesting the exact source 
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Figure 3.12 K2P distance NJ tree of COI sequences from 20 gastropod samples 
(codes refer to Table 2.5) and 32 related NCBI GenBank sequences, 
with bootstrap values indicated at branches (Bootstrap values less than 
50 are not shown). . 
3.2.4 Haliotis-speciric PCR 
A Haliotis-spQcific diagnostic site in the 16S rDNA gene was detected in 
abalone samples according to the sequence alignment. Primer AbaF2 was designed to 
amplify specific fragments, together with universal primer 16H1, of approximately 
320 bp. Positive amplicons were only amplified in samples Al to A5, B1 to B3 and 
CI to C4 which were confirmed to be Haliotis species in FINS analysis (Figure 3.13) 
while no amplicon was amplified in non-target gastropods (D1 to D4 and El to E5), 
suggesting the primer pair is specific for amplifying Haliotis species solely. 
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Figure 3.13. Result of amplification reactions with (A) combination of two universal 
primers (16L1 and 16H1) and (B) specific primer AbaF2 and 16H1. 
(Lanes 1: Al; lane 2: A2; lane 3: A3, lane 4: A4; lane 5: A5; lane 6: Bl; 
lane 7: B2; lane 8: B3; lane 9: CI; lane 10: C2; lane 11: C3; lane 12: C4; 
lane 13: Dl; lane 14: D2; lane 15: D3; lane 16: D4; lane 17: El; lane 18: 
E2; lane 19: E3; lan3 20: E4; lane 21: E5; lane 22: negative control; 
lane M: molecular marker ladder lOObp, the brightest band = SOObp. 
Codes refer to Table 2.5). 
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Chapter 4 Discussions 
4.1 Dongchongxiacao 
4.1.1 Species identification of Dongchongxiacao and related Cordyceps species 
4.1.1.1 Ophiocordyceps sinensis 
Four genomic regions, ITS, nrLSU, EF-la and rpbl were used to determine the 
species identity of Dongchongxiacao samples and the four regions provided united 
result that samples D1 to D8, D12-1, D15, DCOl to DC07, reference samples CRE2 
to CRE4, CXBl, CXB2, CXB4 to CXB6, CSCl to CSC3 and CBDl were sourced 
from 0. sinensis. In the analyses of all the four regions (ITS, nrLSU," EF-la and 
rpbl), genetic variations were found among samples (Figures 3.4 to 3.7, Appendices 
14 to 17). However, except the large genetic variation among samples in nrLSU 
region, all other three regions contained small K values and the variations could be 
regarded as intra-specific. As suggested by Chen et al. (2004), the K value of ITS 
region sequences from a fungal species generally ranged from 0 to 0.05. The K 
values of ITS region ranging from 0 to 0.041 in our study are authentic. 
Genetic variations among O. sinensis sequences were not uncommon and have 
been previously reported (Chen et al. 1999; Chen et al. 2004; Hao et al. 2009; Kinjo 
& Zang 2001; Stensrud et al. 2007). Chen et al. (1999), Chen et al. (2004) and Kinjo 
and Zang (2001) have employed ITS region to study sequence variations among O. 
sinensis samples. In the study of Chen et al. (2004), it was demonstrated that the ITS 
sequence variation among O. sinensis samples was related to the latitude of 
population location. Meanwhile, Chen et al. (1999) and Kinjo and Zang (2001) 
concluded that the extensive genetic diversity was intra-specific variation among 
populations caused by founder effect. The distribution of O. sinensis is highly 
restricted in Qinghai-Tibetan plateau. The altitudes of the mountains on the plateau 
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were above 5000 m, whereas O. sinensis distributed from 3500 to 5000 m altitude 
(Chen et al. 1999). Since the spread of 0. sinensis depends on spreading their 
ascospores, the dispersion of this fungus is confined in local areas. The gene flow 
among populations was hence low (Chen et al. 1999). Based on this information, it is 
possible that the origin source of authentic samples with different brand names were 
sourced from various geographic locations. 
On the other hand, Stensrud et al. (2007) hypothesized O. sinensis was indeed a 
species complex and cryptic species existed in O. sinensis as three distinct groups 
were observed based on ITS sequences available in GenBank. Two groups had 
significantly increased AT content in 5.8S rDNA and a long, "accelerated" branch 
was observed in the phylogenetic tree (Stensrud et al. 2007). Similarly, O. sinensis 
sample CBDl contained abnormally higher AT content in nrLSU region (Figure 3.3). 
It was hypothesized that the AT-biased genome in this fiingi was caused by the 
competition for metabolic resources between the host and the parasite, in this context 
for Gs and Cs (Rocha & Danchin 2002). However, the co-amplification of both types 
of sequences in a single sample (Xiao et al. 2009) did not support the cryptic species 
hypothesis by Stensrud et al. (2007); and they proposed that the different groups of 
ITS sequences amplified might represent some other fungal species whose 
anamorphs were not isolated and identified from the natural environment. Meanwhile, 
it may be possible that the amplified rDNA sequences were some divergent ‘ 
ribosomal paralogues (Buckler-IV et al. 1997). Divergent ribosomal paralogues were 
reported in invertebrates (Carranza et al. 1996; Gunderson et al. 1987), human 
(Munro et al. 1986) and plants (Buckler-IV et al. 1997). Most of the substitutions in 
these paralogues were transition type from C to T and G to A (Buckler-IV et al. 1997). 
The amplification of these paralogues could be affected by PCR amplification 
condition; these paralogues with numerous substitutions that resulted in less stable 
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hairpins could be amplified more successfiilly under standard non-denaturing 
conditions than hairpin-ridden ribosomal RNA (Buckler-IV et al. 1997). However, 
there are few molecular data available to resolve the topic clearly. 
4.1.1.2 Cordyceps gunnii 
Dongchongxiacao samples D9 to Dl l , D13-1 and D14-1 and reference 
adulterant samples CSM2 to CSM4 clustered to form a single clade with C. gumni 
and C. hawkesii, based on NJ tree of ITS region. C. gunnii Berk, has long been 
reported as a common adulterant of Dongchongxiacao (Chen et al. 2002; Hsu et al. 
2002; Li et al. 2006). In this study, this fungal species was also identified to be the 
most common counterfeit. The Chinese herbal community considers it as harmful to 
health nittp://www.j l ol.com/medicine/expview/201001/738012194ri .htmr). 
However, a few reports suggested it has beneficial health effects (Chen et al. 
2004; Xiao et al. 2004; Zhu & Fang 1997). Another common counterfeit, C hawkesii 
Grey, called Yaxiangbangchongcao (亞香棒蟲草)，is now regarded as a synonym of 
C gimnii based on molecular study (Liu et al. 2002). Both C. gimnii and C. hawkesii 
were first named after collections made in Tasmania, Australia. However, based on 
the molecular data (Figures 3.2 to 3.6) in this study, it is clearly shown that the clade 
of adulterants excluded C. gimnii samples from Tasmania (ARSEF 6828 and 
corresponding sequences from NCBI referring to Table 2.3), demonstrating that the . 
Chinese samples identified as C. gimnii are very likely a misidentification. 
C. gunnii was first reported by Berkeley (1848) as Sphaeria gunnii Berk. 
Growing on some Cossus (Family Cossideae) or Hepialus (Family Hapialidae) 
caterpillars. It was first recorded in Franklin Village, Tasmania (Berkeley-1848), but 
was later found also in other parts of Australia, especially in the south (Cooke 1892). 
According to the description of Mr. Gunn, the collector of the type specimen of this 
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species, the fungus was abundant in sandy land and the caterpillar and fruiting bodies 
varied from 5 to 18 inches long, depending on the depth of the burrow. The fruiting 
body underground was white, while the exposed portion, which was about 2 to 4 
inches long, was dark olive black (Berkeley 1848). Another closely-related species, 
C. hawkesii, was reported by M.C. Cooke in 1891 and named after the collector, Mr. 
Hawkes. The specimen was first reported in Tasmania (Cooke 1891). Its host was 
suggested to beaP/e/z/5 species (family: Limnephilinae) or some closely allied genus 
(Cookes 1892), while Lloyd (1915) suggested this fungal species shared the same 
host with C. gunnii. C. hawkesii resembles C. gumiii, but its fruiting body is 
comparatively more slender, irregular, contorted and knotted besides being woolly 
(Cooke 1891). 
Both C. gunnii and C. hawkesii have been reported in China. Li et al. (1982) 
discovered C. hawkesii in Hunan, Anhui and Fujian Provinces. Liang (1983a, b), on 
the other hand, claimed that C. giinnii grows in Guizhou. A variant of this species, C. 
gunnii var. minor, was also reported (Li et al. 1999b). Their hosts were suggested to 
be some species from family Hapialidae (Li et al. 1999b; Liang 1983a, b; Zang and 
Kinjo 1998). Both species shared similar morphological characters, and Liang 
(1983b) differentiated C. gunnii from C. hawkesii by the size of asci, ascospores and 
part-spores. C. gunnii contained larger asci, ascospores and part-spores than C. 
hawkesii (Table 4.1). . 
Table 4’ 1 Comparison between Cordyceps gunnii and C. hawkesii (Liang 1983b) 
C gunnii C hawkesii 
Asci 700-900 x 200-300 \im 450-600 x 200-250 \im 
Ascospores 200-450 x 6.5-7.5 \im 300-450 x 2-4 
Part-spore 4-6.5 x 2-3 |im 3-6 x 1 ^ im 
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Liu et al. (2002) first suggested the two species available in China are 
conspecific, based on DNA sequences of ITS region. They regarded C. hawkesii as 
synonymous with C. gimnii. Various molecular studies have looked into the 
phylogeny of genus Cordyceps. However, there is no thorough comparison between 
samples of C. gimnii in China and Tasmania based on morphological nor molecular 
studies. 
Data in this study conclusively demonstrated that the Chinese samples identified 
as C. gimnii is very likely a misidentification. In pharmaceutical and herbal industry, 
correct identification of source material is fundamental. Improperly . labeling an 
organism with a scientific name can lead to serious consequences including legal 
disputes and ineffective conservation, as well as misleading information filing and 
retrieval. As a result, re-investigation into the taxonomic status of this common 
fungus is urgently needed. 
4.1.1.3 Metacordyceps taii 
Sample D14-2 was identified as Metacordyceps taii in all four regions. 
Metacordyceps taii was first reported by Liang et al. (1991) in China. The anamorph 
of this species was first proposed as Metarhizium taii (Liang et al. 1991). However, 
recent studies based on morphological and phylogenetic analyses suggested 
Metarhizium taii is the synonym of some closely-related species of Metarhizium . 
anisopliae instead of a newly described species. Meanwhile, its taxonomic status is 
still controversial: Huang et al. (2005) suggested it is the synonym of Metarhizium 
anisopliae var. anisopliae while Bischoff et al. (2009) proposed it is the synonym of 
Metarhizium giiizhouense. . 
Metacordyceps taii, which was first reported in China, has been studied and 
proposed to be a medicinal fungus. In vitro experiments suggested that the crude 
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polysaccharides extracted could enhance the cellular immune functions (Liu & Fei 
2001) and exhibit hypoglycemic functions in mice (Tao et al. 2009). However, the 
few studies on pharmaceutical functions of this fungus, as well as its 
telemorph-anamorph connection promote for further investigation, and undoubtedly 
it could not substitute the authentic species O. sinensis. 
4.1.1.4 Cordyceps militaris 
Chongcaohua sample CFl was identified to be Cordyceps militaris. C. militaris 
(L.) Link, which is the type species of Cordyceps sensu stricto, parasitizes on 
Lepidoptera larva or pupa and has a worldwide distribution (Liu et al. 2002; Wang et 
al. 2008). It is also called Beidongchongxiacao (北冬蟲夏草),Beichongcao (北轰草） 
or Yongchongcao (踊蟲草）in Chinese and is used as a common substitute of 
Dongchongxiacao in traditional Chinese medicine and health foods as it contains 
similar biochemical components but higher content of cordycepin (Chen 1995; Li et 
al. 2006; Wang et al. 2008). However, its price is much lower compared with wild 
Dongchongxiacao as its fruiting bodies are relatively easy to obtain in artificial 
cultivation (Want et al. 2008). 
In this study, three C. militaris samples sourced from different geographic 
locations were included. Sample CFl, based on molecular data, matched with C. 
militaris from Guizhou, China (Figure 3.2; Table 2.3), while ARSEF 6828 was from ‘ 
Anhui, China and ARSEF 5804 was from USA. Genetic variations among these 
samples were compared and variations were found. Based on the study on ITS region 
by Wang et al. (2008), genetic variation among C. militaris samples worldwide was 
extremely small (< 0.01, K2P model). Comparing it with this study, for-sample CFl, 
its K values with C. militaris and C. fyushuensis was 0 in ITS region, 0.005 to 0.010 
in nrLSU region, 0.002 to 0.018 in EF-la region and 0.002 to 0.018 in rbpl region. 
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The extremely small genetic variations among them confirmed the suggestion that C. 
kyiishiiensis was a synonym of C. militaris in the study of Wang et al. (2007). 
Meanwhile, the sample ARSEF 6248 was segregated from the C. militaris clade and 
its K values with the C. militaris clade ranged from 0.029 to 0.041 in ITS region, 
0.041 to 0.051 in nrLSU region, 0.172 to 0.177 in EF-la region and 0.135 to 0.146 in 
rpbl region, suggesting the sample ARSEF 6248 was a non-C militaris (Appendices 
14 to 17). In all the four trees, the closest taxon of this sample was Isaria farinosa 
(Figures 3.4 to 3.7), a well-known entomopathogenic fungal species with a 
worldwide distribution and relatively wide host range in the same family with C. 
militaris (Sung et al. 2007a; Zimmermann 2008). Furthermore, except nrLSU region, 
ARSEF 5804 had K values larger than 0.05 with C. militaris and its allies in all other 
three cases, suggesting it should be some other Cordyceps species or even Isaria 
species instead of Cordyceps militars (Figures 3.4 to 3.7). 
Being distributed worldwidely, C. militaris is one of the most variable species in 
the genus with respect to morphology and host affiliation (Sung & Spatafora 2004). 
Unique and possibly cryptic species, like C. cardinalis sp. nov. (Sung & Spatafora 
2004) were frequently reported in this C. militaris complex. 
4.1.2 Adulteration of Dongchongxiacao and labeling 
A total of 22 Dongchongxiacao samples were collected in the markets of Hong . 
Kong. Two individuals were selected for analyses from samples D12, D13, D14 and 
DC02 respectively. One individual was selected in other samples. Based on 
molecular analysis, it was found that 16 out of 22 samples (D1 to D8, D15, DCOl to 
DC07) were authentic, while six out of 22 samples (D9 to D14) contained adulterants 
or contaminants from various sources. 
Individuals in samples D9, DIO and D l l shared similar morphological features, 
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and hence one individual was selected from each sample. These individuals, upon 
molecular analysis, were identified to be species that are generally regarded as C. 
gunnii in China, one of the most common adulterants of Dongchongxiacao. 
Samples with different morphological features were observed in D12, D13 and 
D14. Sample D12 was in a traditional package. Based on molecular analysis, it was 
found that the source species of D12-1 was O. sinensis, which was authentic. 
Meanwhile, based on morphological observation, sample D12-2 was the rhizome of 
some plant species, and molecular study confirmed that it is Stachys geobombycis or 
S. riederi of family Labiatae. S. geobombycis was the source species, of a common 
Chinese herbal medicine Dican (地蠶).This is a cheap herb and the price could be as 
low as HK$100/kg (Consumer Council Editorial Board 1995), while the wild 
genuine Dongchongxiacao could cost as high as US$40,000 per kilogram (Sharma 
2004). Dican was used in curing flu and cough (Consumer Council Editorial Board 
1995) and has totally different medical use from Dongchongxiacao. 
Sample D13 also contained two types of individuals. Molecular analysis 
confirmed the species source of D13-1 was the "Chinese C gimnii”, while another 
type of individual, represented by D13-2, was analyzed upon chemical tests on the 
presence of potassium alum and positive results were found. Samples with potassium 
alum added had obviously higher density. Since Dongchongxiacao is sold by weight 
(Holliday & Cleaver 2008), samples soaked with potassium alum could be sold at . 
higher price. However, potassium alum in Dongchongxiacao samples could not be 
removed or washed away easily as it was soaked and deeply diffused into inner parts 
of samples. High dose of potassium alum is toxic (Chen & Shen 2007), suggesting 
thorough quality control of this valuable traditional Chinese medicine is required. 
Sample D14 also contained two adulterant sources, which, represented by 
D14-1 and D14-2, were "Chinese C gimnii” and Metacordyceps taii respectively. 
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The results in this part of study showed that adulteration of Dongchongxiacao is 
not uncommon in Hong Kong. Various forms of adulteration and contamination were 
reported (Table 4.2). Despite this herb was named Dongchongxiacao in Chinese 
Pharmacopeia and the Schedule 2 of the Chinese Medicine Ordinance (Cap. 549 of 
the Laws of Hong Kong), it was also commonly named Chongcao or Dongchongcao, 
and it has become a common practice to assume the three names were equivalent. 
Some of the shops selling the faked samples labeled the samples as Chongcao or 
Dongchongcao (Table 2.1), unreliable and misleading information was provided. 
Different herbal medical materials have different therapeutic values, the use of 
adulterants or substitutes of Dongchongxiacao may delay proper treatment. Also, 
toxic contaminants in samples may pose a threat to users. The use of cheap 
counterfeits to adulterant the more expensive genuine products is also a kind of 
cheating to consumers. It is important to provide accurate information to consumers 
about the ingredients used in the drug products. Proper food and drug product 
labeling to ensure public health and protect consumers' rights is required. 
1 0 6 
Table 4.2 Summary of adulterants and contamination investigated in this study 
Samples Adulterant species / Type of contamination 
D9 "Chinese Cordyceps gmmir 
D10 "Chinese Cordyceps gmmii” 
Dl l "Chinese Cordycepsgimnir 
D12 D12-1 Ophiocordyceps sinensis (Authentic herb) 
D12-2 Rhizome of Stachys sp. 
D13 D13 -1 "Chinese Cordyceps gmmir 
D13-2 Contaminated with potassium alum 
D14 D14-1 "Chinese Cordyceps gimnir 
D14-2 Cordyceps taii 
CSMl Cordyceps sp. 
CSM2 "Chinese Cordyceps giinnir 
CSMS "Chinese Cordyceps gunnii” 
CSM4 "Chinese Cordyceps gimnir 
4.1.3 Hosts of Dongchongxiacao fungi and relationship between them 
Molecular analyses of host of Dongchongxiacao fungi based on CytB and COI 
showed that 0. sinensis could parasite on a range of hosts. Based on the molecular 
studies (Figure 3.9 and 3.10), it was confirmed that the hosts, in most cases, were 
some Hepialus species. Early records indicated the host of it is Hepiahs 
armoricaniis (Chu 1965). Until • now, the host range and specificity of 
Ophiocordyceps sinensis could not be fully confirmed (Cannon et al. 2009), but it is 
generally accepted to be some species from genera Hepialus, Hepialisciis, Forkalus, 
Bipectilus, Phassus, Napialus and Magnificus in family Hepialidae (Chen & Jin 1992; ‘ 
Yan 2000). 
There were few molecular analyses studying the Hepialus moths. All CytB 
sequences of Hepialus species available in GenBank came from a single study on the 
phylogenetic study of hosts of O. sinensis (Cheng et al. 2007). Approximately 50 
species were reported to be its host, but only 25 host species were included in the 
study by Cheng et al. (2007). In NJ tree of CytB region (Figure 3.9) and the 
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corresponding distance matrix (Appendix 18), most authentic samples showed 
highest similarity with GenBank sequences of Hepialus yushuensis and Hepialus 
menyuanicus. However, the host of another two groups of genuine samples, the 
group consisiting of samples CXBl, CXB2, CXB4 to CXB6 and another group of 
samples CBDl, DC02-1 and DC02-2 could not be identified. In both the NJ trees of 
CytB and COI regions, these two groups clustered in the same big clade with other 
authentic samples, so it is possible that the source species of these authentic samples 
were some species from family Hepialidae. 
Beside the host identity of some genuine samples reminded unknown, some 
adulterants could not be confirmed. Both NJ trees revealed that all adulterants 
(CSMl to CSM4, D9 to D l l , D14-1 and D14-2) clustered in the same clade, despite 
these caterpillars were infected by three types of fungi (CSMl: Cordyceps sp.; CSM2 
to CSM4, D9 to D l l and D14-1: "C. gimnii” from China; D14-2: Metacordyceps 
taii). There were few reports on the host of these fungi, but according to Flora 
Fungorum Sinicorum (Liang 2007), the hosts of "C. gimnir from China are some 
moth larvae from family Hepialidae found in woodland. Zang & Kinjo (1998) 
reported the larvae were some Oxycaniis or Trictena species. However, Oxycamis 
and Trictena are some moth found in Australia instead of China (Nielsen et al. 2000)， 
so it is unlikely for the "Chinese C. gunnii” to parasite on these moth larvae. 
Based on the molecular analysis, the identity of host of adulterants could not be . 
confirmed, but it could be confirmed that 0. sinensis parasitizes to different hosts 
from other adulterants and their host ranges do not overlap with each other. It may be 
because the fiingal distribution highly depends on the distribution of the hosts (Li & 
Tsim 2002), and the niches of hosts of various Cordyceps fungi are largely different 
from each other. 
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4.2 Abalone 
4.2.1 Species identification of abalones and other gastropod species by FINS 
analysis 
Species identities of abalones and other related gastropod species were 
identified by FINS analysis. In FINS analysis, the sequence with smallest genetic 
distance or number of nucleotide substitutions from the target fragment represent the 
species group to which the original sample belongs (Bartlett & Davidson 1992), and 
thus is important to select a region with high interspecific variability but low 
intraspecific variations to avoid ambiguities in species determination (Bossier 1999). 
A common choice is mitochondrial CytB gene, which has been utilized in seafood 
products including flatfish (Sotelo et al. 2001), sardine (Jerome et al. 2003), shark 
(Blanco et al. 2008) and cephalopods (Chapela et al. 2003). Extensively accumulated 
sequence data can properly identify the species origin mentioned above. However, 
few CytB sequences from Haliotis species (GenBank accession no: NC013708 and 
NC005940) were available in GenBank database (accessed on 30/4/2010), making 
FINS based on CytB region difficult in abalone identification. In this study, 
mitochondrial 16S rDNA and COI regions were applied for species identification of 
abalone authentication. 
4.2.1.1 Haliotis species 
Samples A1-A5, B1-B3 and C1-C4, based on FINS analysis by 16S and COI 
regions, were some Haliotis species. All Haliotis species were defined as authentic 
abalones. 
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4.2.1.1.1 Haliotis diversicolor 
Sample Al was verified to be H. diversicolor. H. diversicolor, commonly 
named "small abalone", is mainly distributed in mainland China, Taiwan and Japan 
(Huang 1998). Two subspecies, H, diversicolor diversicolor and H. diversicolor 
supertexta were reported (Wang et al. 2004). H. diversicolor diversicolor is a major 
cultivated abalone species in mainland and Taiwan while H. diversicolor supertexta 
is mainly maricultured in Japan (Huang 1998). However, H. diversicolor supertextra 
from Japan are mainly processed as canned products (Huang 1998) and is of minor 
importance to the commercial fishery (Hahn 1989). The two subspecies were 
different with the ridges on the shell. However, based on Wang et al. (2004), there are 
low genetic divergences in genomic and mitochondrial DNA. The two subspecies are 
possibly not distinct and thus classifying them as two distinct subspecies is still 
controversial (Wang et al. 2004). 
4.2.1.1.2 Haliotis discus 
Samples A2 and B2 were verified to be H. discus. H. discus, commonly called 
"black abalone", was reported to include two subspecies, H. discus discus and H. 
discus hannai. H. discus hannai, also named Japanese abalone, is another 
commercially important abalone species in mainland China and contributed 
approximately 70% of abalone produced in China (Huang 1998). Also, the majority ‘ 
of the cultured abalone seed in Japan is also H. discus hannai (Hahn 1989). Similar 
to H. diversicolor, the status of the two subspecies has been controversial for a long 
time. The two were considered to be morphologically, ecologically and genetically 
different from each other (Hahn 1989). However, recent studies suggested that the 
two have low genetic divergence (An et al. 2005, Wang et al. 2004). Also, they could 
not be differentiated from each other based on 16S and COI partial sequences. 
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4.2.1.1.3 Haliotis asinina 
Sample A3 was identified as H. asinina. H. asinina, with "donkey's ear 
abalone" as its common name, has a very unusal, thin, long and narrow shell; its 
shell is very small and only covers a small portion of the body (Hahn 1989). Its flesh 
is edible and this species is mainly distributed in Southeast Asia countries and 
subtropical and tropical regions of Japan (Hahn 1989). Since it provides high 
percentage (85%) of meat weight relative to total weight, it is a target species 
promoted for commercial mariculture in Thailand nowadays (Klinbunga et al. 2003). 
4.2.1.1.4 Haliotis rufescens 
Sample A4 matched with sequences of H. rufescens. H. rufescens, also called 
"red abalone", is the largest abalone of the world. It has been the most popular and 
commercially important species in California, USA (Hahn 1989). This species is 
found along the west coast of the U.S. and Mexico (Hahn 1989). Sample A4 was 
named "Mexican abalone", suggesting that the sample might be imported from 
Mexico. However, besides H. rufescens, there are a few commercially important 
abalone species in Mexico, including H. carcherodii, H. corrugate, H. fidgens and H. 
sorenseni (Huang 1998). Different abalone species have different economical values. 
As a result, it may be unclear to name abalone samples based on its country of origin .. 
only. ‘ 
4.2.1.1.5 Haliotis midae 
Samples A5, B1 and C3 were identified as H. midae. H. midae, locally known 
as "perlemoen", is the only abalone species in South African fishery-and is mainly 
found near Cape Town of South Africa (Hahn 1989, Raemaekers & Britz 2009, Tarr 
1992). In this study, H. midae was included in three different abalone commodities, 
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fresh, dried and canned products. Dried and canned abalone products were 
responsible for 29% and 52% of Hong Kong abalone market respectively (Hong 
Kong SAR Government 2009). To et al. (2006) surveyed that H. midae is one of the 
possible species of dried abalone. All these suggest H. midae is an economically 
important species in abalone trade. This species is the second largest abalone, 
following H. rufescens. Being the only commercial population of abalone species in 
Africa, it is under particular severe pressure from illegal fishing since 1990s 
(Raemaeker & Britz 2009). The total allowable catches for this species was 75 tons. 
However, by 2007, the total H, midae illegally caught was estimated to be over 2000 
tons of whole mass (Raemaeker & Britz 2009). This species was listed in Appendix 
III of CITES on 3 May 2007. Under the Appendix III listing, all consignments of//. 
midae in international trade were required to be accompanied by CITES permits 
from South Africa. However, this species was recently removed from the list by 
South African government (http://www.trafFic.org/home/2010/6/4/removal-of-trade-
controls-signals-bleak-future-for-abalone.html, accessed on 21 June 2010). The 
removal of species from CITES list may encourage further wild catch of H. midae 
without proper control. Further trade-controls may be required to properly manage 
this valuable resource. 
4.2.1.1.6 Haliotis madaka 
Sample B3, based on BLAST search result, was suggested to be madaka, 
which is a species found in Japan. There were few studies on the taxonomic status of 
this species and it was previously known as H. gigantea. Based on phylogenetic 
analyses in this study, H. madaka exhibited small genetic divergence from H. discus 
in both 16S rDNA and COI regions. A shallow clade was segregated from H. discus 
in dendrogram of 16S rDNA region while the COI sequences of H. madaka and H. 
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discus are of low divergence. Similar results on 16S rDNA and COI regions were 
reported by An et al. (2005). Sperm lysin sequences analysed by Lee and Vacquier 
(1995) also suggested H. madaka is identical with H. discus haimai. However, 
advanced investigation is required to conclude the relationship between the two 
closely related speices, H. discus and H. madaka (An et al. 2005). 
4.2.1.1.7 Haliotis rubra 
The closest matched sequence with sample CI was H. rubra. Low genetic 
divergences were found in both regions (16S: 0.030; COI: 0.014-0.016).(Appendices 
, 27 and 28) among sample CI and H. rubra. This species is commonly named 
black-lip abalone or red-ear shell and is the most important commercial species in 
Australia (FAO 2009, Hahn 1989). In both NJ trees (Figures 3.11 and 3.12), H. 
conicopora clustered with other H. rubra sequences. Low sequences divergence 
between the two species were also noted by Brown (1993), which verified the 
suggestion that H. conicopora represents an allopatric population (Western 
Australian) o£H. rubra (Shepherd 1975). 
4.2.1.1.8 Haliotis iris 
Sample C2 was verified to be H. iris. H. iris, also called "paua" or "black paua", 
is cultivated in New Zealand (Hahn 1989). Its shell is highly prized and very ‘ 
valuable. However, the meat is of low quality - the meat is generally dark, has 
inferior flavor and is covered with black pigment (Hahn 1989). Since consumers 
usually prefer white abalone meat color, H. iris is generally sold at lower price 
(Wang 1998). • 
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4.2.1.1.9 Haliotis corrugata 
Sample C4 was identified to be H. corrugata. H. corrugata, also called "pink 
abalone", is found along coasts of southern California and Mexico and is 
characterized by its thick, round and corrugated shell (Hahn 1989). This species is a 
commercially important species in California (Hahn 1989, Parker et al. 1992). 
However, it has been listed as "Species of Concern" in U.S. National Marine 
Fisheries Service, U.S. Government's National Oceanic and Atmospheric 
Adminsitration since 2004, indicating a need to concern its status and threats 
(http://www.nmfs.noaa.gov/pr/species/invertebrates/pinkabalone.htm). This species, 
being a commercially important abalone species in Mexico, contributed to the source 
of the expensive Mexico's CalMex brand canned abalone. 
4.2.1.2 Concholepas concholepas 
Samples El and E4 were identified as C. concholepas. C. concholepas is 
commonly named "loco", "false abalone" or "Chilean abalone" (FAO 2009). This 
commercially important gastropod is named "Chilean abalone" as it is native in Chile 
and its shell share similar shape with abalone shell. Since it resembles authentic 
abalone, Haliotis species, it has been reported to be an adulterant of abalone product 
in Chile (Aguilera-Munoz et al. 2008). In this study, sample El was named "Chilean 
abalone" and it could not be counted as adulteration of Haliotis species. However, its . 
name is still confusing and misleading, for the general perception of "abalone" 
referring to Haliotis species. The confused naming provides room for species 
substitution of Haliotis species products with C concholepas, a species of lower 
price than Haliotis species, in Hong Kong. For a clearer naming to avoid confusion, 
common names "loco" or "false abalone" are preferred against "Chilean abalone". 
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4.2.1.3 Hemifusus species 
Two samples, E2 and E3, indentified as Hemifusus species were included in this 
study. Sample E2 was identified as H. ternatanus based on COI analysis while its 
identity might be H. ternatanus or H. tuba based on 16S rDNA sequences, while 
sample E3 was confirmed to be H. colosseus in analyses on both regions. The three 
H. species mentioned were commonly known as "crown conchs" and are some edible 
gastropods distributed in Southeast Asia and Japan sold as dried mollusks based on 
market survey (To et al. 2006). 
4.2.1.4 ‘‘Dried abalone slice" samples (D1 to D3) and canned top-shell (E5) 
The three "dried abalone slice" samples, D1 to D3, were genetically identifical 
with top-shell sample (E5) and were identified to be some gastropod species other 
than Haliotis speices, representing adulterants for abalone products. However, the 
highest match sequence in GenBank database with "dried abalone slices" (D1 to D3) 
and canned top-shell (E5) included in this study was Cymbium oila, with maximum 
identity of 91.00%. Phylogenetic analyses clearly showed that the species sources of 
these samples were some unknown gastropod species besides Cymbium olla, 
reflecting additional standard species database is required. 
4.2.2 Haliotis-speciric PCR 
FINS serves as an unambiguous tool for species identification, but it could be 
time consuming and expensive if only a rapid screen for detecting possible violation 
of regulation is required (Davidson 1998). Haliotis-specific primer was designed 
based on sample sequences and additional Haliotis sequences of 16S rDNA region 
from GenBank (Tables 2.6 and 2.7). Figure 3.13 shows that all authentic fresh (Al to 
A5), dried (B1 to B3) and canned (CI to C4) products showed the positive amplicons, 
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and no PCR products was observed in gastropod species other than Haliotis species 
(D1 to D4, El to E5), demonstrating that this specific primer could be applied in 
inspecting processed products as well. This primer thus potentially acts as a valuable 
tool of abalone detection in abalone-containing products as a routine work such as 
quality control of commercial abalone product preparation. 
4.2.3 Adulteration of abalone and labeling 
The results in this part of study show that adulteration of abalone products is not 
uncommon. In this study, 21 abalone and related gastropod samples were included. It 
was demonstrated that all fresh (Al to A5), dried (B1 to B3) and canned (CI to C4) 
intact abalones tested were some Haliotis species and hence were authentic. However, 
all dried abalone slices, D1 to D3, were adulterated by some gastropod species. More 
information from GenBank database is required to verify the exact species origin of 
these samples. However, the product "dried abalone slices" claimed itself containing 
abalone is misleading. According to trade descriptions ordinance (Cap. 362 of the 
Laws of Hong Kong), false and misleading food marks are prohibited. The use of 
some cheaper ingredients to substitute valuable products should be avoided to protect 
consumer's rights. It is proposed that the adulterants, "dried abalone slices", should 
be labeled as "dried mollusk slices" or "dried gastropod slices". Similar labeling 
should be applied to products of Concholepas concholepas. Instead of confusedly . 
labeled as "Chilean abalone", other common names, "loco" and "false abalone" 
might be used to avoid providing false or misleading information. 
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4.3 Significance and limitation of molecular approaches in authentication of 
food and herbs 
Molecular analyses were applied in species identification for food and herb 
authentication. Both analyses rely on DNA, and are more reliable than protein 
analyses as nucleic acids are less disrupted in food processing, compared to proteins. 
Also, DNA is present in most cells of an organism and can provide identical 
information from any appropriate sample source, regardless of the tissue of origin 
(Lockley & Bardsley 2000). Different methods have different advantages and 
limitations, and can be applied in different situations. Two approaches, FINS, a 
sequencing-based method, and PCR with specific primers for targeted amplicons, a 
PCR-based method, were applied in this study. 
4.3.1 FINS analysis 
FINS analysis can serve as an important molecular tool for accurate and precise 
species identification in food and drug authentication. Four steps were involved in 
FINS analysis: DNA extraction from biological samples, specific DNA fragments 
amplification by PCR, nucleotide sequences determination and related sequences 
comparison in database using phylogenetic analysis (Bartlett & Davidson 1992). The 
sequence with smallest genetic distance or number of nucleotide substitutions from .. 
the target fragment represent the species group to which the original sample belongs ‘ 
(Bartlett & Davidson 1992), and thus is important to select a region that can fulfill 
the criteria: 1) with high interspecific variability but low intraspecific variations to 
avoid ambiguities in species determination (Bossier 1999); 2) can be amplified by 
universal primers; and 3) with sufficient DNA sequences available in.database for 
accurate species identification. 
In this study, genomic ITS, nrLSU, EF-la and rpbl regions were applied in 
117 
fungal species identification, mitochondrial COI, CytB and 16S rDNA regions were 
utilized in animal species identification and trnH-psbA intergenic spacer was 
amplified to identify plant species. 
4.3.1.1 High interspecific variability but low intraspecific variations 
In animal species determination, mitochondrial COI, CytB and 16S rDNA 
regions were applied. These regions are some widely utilized regions for species 
identification. In the species identification of abalones and related gastropods, low 
level" of intraspecific variation was observed, while the variation is much lower than 
interspecific variability, making these regions desirable for accurate species 
determination. In fungal analysis, ITS, a region with two intergenic spacers 
embedded among more conserved rDNAs, provides high variability among 
sequences. Intraspecific variation in ITS regions, compared with those of other 
fungal regions, especially nrLSU and EF-la, is higher. Nevertheless, the highly 
variable sequence length in different taxonomic groups due to indels makes it hard to 
align for phylogenetic analysis. However, its interspecific variability is also high and 
the ranges of interspecific variation and intraspecific variations do not overlap with 
each other in the Dongchongxiacao study, making it still applicable for species 
determination. .. 
4.3.1.2 Amplification with universal primers 
The presence of universal primers developed by White et al. (1990) contributed 
an important factor for the wide use of ITS region in determination of fungal species. 
Fungi are a diverged group of organisms. The presence of universal- primers can 
amplify different fungal groups with a single pair of primer and it can shorten the 
time for species identification. However, primers used in EF-la and rpbl utilized in 
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Dongchongxiacao study are comparatively not universal as the primers utilized were 
specific for Cordyceps species. It can help prevent amplification of other undesirable 
contaminants, including soil fungus or indoor mould, which may be present on the 
herb samples. However, it may not be desirable when the sample has lost its 
morphological characters for preliminary species identification. 
4.3.1.3 InsuflUcient DNA sequence available in database 
FINS analysis depends heavily on the pre-developed database for accurate 
species differentiation. In flingal analysis, one of the most widely studied regions is 
ITS region. Relatively sufficient ITS sequences are available for gastropod species 
identification. However, it is still observed that some samples, for example CSMl, 
could not be precisely identified. In the cases of caterpillar hosts of Cordyceps 
species, few molecular studied was carried out in these insects, and thus there are 
only a few corresponding sequences available for species identification. Similar 
situation was observed in abalone study for the identity of adulterants, "dried abalone 
slice" samples. The maximum identity of sequences in GenBank was only 91.00% 
and this truly reflected that the availability of sequences in the database is important 
in the use of DNA sequences for source species identification. 
Furthermore, DNA sequences available in NCBI nucleotide BLAST and 
BOLD-IDS depend heavily solely on sequence submission of different working . 
groups. It is not uncommon to find sequences of misidentified samples in the 
databases. Nine out of 71 Ophiocordyceps sinensis ITS sequences in GenBank 
assembled by Stensrud et al. (2007) were probably erroneously accessioned. In our 
study on abalone analysis, undesirable sequence was amplified in sample D2 in COI 
analysis. It was identified as Vibrio sj^ ecies, a bacterium commonly found in marine 
environment, with maximum identity of 98.00% in NCBI GenBank and was 
119 
identified Hymenodora species, an arthropod, with sequence similarity of 98.66% 
from BOLD-IDS. When the corresponding sequences of Vibro species and two 
Hymenodora species were assembled from NCBI GenBank and aligned (Appendix 
26), it was clearly shown that sequences from the sample D2 and the bacterium 
Vibrio species are significantly different from the two Hymenodora species 
sequences demonstrating that the presence of wrongly accessioned sequences in 
databases. And the wrongly labeled sequences would lead to wrong species 
identification, seriously affecting food and drug authentication. 
4.3.1.4 Contamination by foreign DNA and amplification of undesirable DNA in 
sample mixture 
Contamination by foreign DNA is another problem in the use of DNA 
sequencing method for source species identification. Sequence of cytochrome c 
polypeptide I region of a bacterium Vibrio species (GenBank accession no. 
CP001806) was amplified. Moreover, in the host species determination of 
Dongchongxiacao study, sequences of COI of fungal part of samples were amplified 
in samples CSMl and D14-1. The - contamination of samples and co-existence of 
DNA from other organisms may hinder the PCR amplification of targeted samples, 
altering species identification in food and drug authentication. Besides, it implies that .. 
direct PCR and DNA sequencing method could not be employed in specific species ‘ 
identification in food and drug mixtures with different species mixed. 
Another problem in species identification, specifically found in mitochondrial 
sequences, is the presence ofNumts. Numts, the translocated pieces of mitochondrial 
DNA, are sometimes integrated into the nuclear genome. As a result, during analysis, 
these Numts might be amplified inadvertently by the PCR in addition to or even 
instead of the authentic target mitochondrial DNA and therefore led to erroneous 
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results (Teletchea et al. 2005; Thalmann et al. 2004). 
4.3.1.5 Amplification of degraded DNA 
FINS analysis requires desirable sequence length that carries sufficient 
information and sequence variation for precise species identification. However, many 
drugs, especially Chinese herbs, were heat-treated or treated with various chemicals 
and stored for a long time at various conditions (Yip et al. 2007); besides, many food 
products were processed, for example, by canning or drying. All these treatments 
would cause extensive degradation of DNA, limiting the size of DNA fragments that 
can be successfully amplified from food and drug samples (Lockley & Bardsley 
2000). In this study, regions chosen for analyses usually contain sequences ranging 
from approximately 400 bp to 900 bp. In all cases, these sequences carry sufficient 
information for species identification. But in general, it is more difficult to amplify 
the heavily processed food products, including canned abalones and the dried 
abalone slices. 
4.3.1.6 Suggested regions for authentication of Dongchongxiacao and abalone 
based on FINS analysis results 
Different regions were applied in species identification of Dongchongxiacao 
and abalone. These regions can fiilfill the requirements of FINS analysis to different . 
extent. 
In the authentication of Dongchongxiacao, it is important to verify the species 
identity of the fungal part. Comparing the four genomic regions applied, EF-la is 
recommended for FINS analysis of Dongchongxiacao and Cordyceps species as there 
are comparatively sufficient DNA sequences available in database for spcies 
identification. Also, the geneitic variability is desirable for species determination. 
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For the authentication of abalone, mitochondrial 16S rDNA and COI are both 
commonly utilized regions in species identification and phylogenetic studies. DNA 
sequences of both regions are sufficient and available in databases. Although COI is 
suggested as DNA barcode for animal species identification，16S rDNA is personally 
recommended for abalone authentication as it can be amplified more easily with 
universial primers. Besides, the intraspecific variation is comparatively lower than 
COI region, facilitating more confident species identification of abalone. 
4.3.2 PCR with specific primers for targeted amplicons 
PGR with specific primers for targeted amplicons is another PCR-based method 
for rapid species identification. It is a faster method than FINS analysis, as no 
post-PCR procedure, sequencing and sequence analysis, is required. It also enables 
screening of some species simultaneously (Lockley & Bardsley 2000). Besides, it 
can overcome some limitations in FINS analysis. Firstly, it can be employed in DNA 
mixture as only targeted samples could be amplified with a pair of specific primers. 
It is especially important in food products containing multiple ingredients and herbs 
that are contaminated by bacteria, fungi or insects upon improper storage (Yip et al. 
2007). Secondly, amplification of degraded DNA fragments is uneasy. PCR with 
specific primers for targeted amplicons usually aimed at amplifying shorter DNA 
fragments. In //a/zofo-specific primer analysis, short DNA fragments could be • 
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amplified in all canned abalone, suggesting amplification with specific primers may 
be desirable for samples with degraded DNA. 
However, prior sequence knowledge is required in order to design primers and 
appropriate controls are required to avoid false positive or negative results (Lockley 
& Bardsley 2000). In abalone analysis; 16S rDNA sequences were primarily obtained 
in FINS analysis for design of i/a/zoto-specific primer. Besides, this method is aimed 
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at detecting the presence of targeted species, instead of identifying the source species 
of food samples. •‘ 
4.3.3 Other limitations of molecular approaches in authentication of food and 
herbs 
Molecular analyses depend heavily on PCR. The presence of PCR inhibitors 
may alter the species identification process. PCR inhibitors are especially prevalent 
in Chinese herbs as many herbal plants contain phenolic compounds or acidic 
polysaccharides and pigments. On the other hand, fungi may contain PCR inhibitors 
like acidic polysaccharides and animal samples may contain fat and complex 
polysaccharides (Yip et al. 2007). All these compounds may alter PCR amplification. 
In the study of Dongchongxiacao, the sample D13-2, contaminated with potassium 
alum, could not be amplified by PCR. The potassium alum present in the sample, and 
hence the DNA extract, may act as a PCR inhibitor that alter PCR amplification. 
Furthermore, molecular analysis in food and herb authentication aims at species 
identification. Since all tissue parts of the same species carry identical genetic 
information, molecular analysis could not tell the tissue part of food herb samples. 
Besides, DNA information is not directly correlated with the amount of active 
ingredients (Yip et al. 2007). The use of Chinese herb depends heavily on the 
presence of active ingredients. However, genetic data still have their own advantages 
over other methods for authentication and identification. Accompanied by 
morphological and chemical analyses, thorough food and herb authentication could 
be achieved to protect the public from potential hazards. 
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4.4 Further investigation 
In the molecular authentication of Dongchongxiacao, it was reported that the 
most common adulterant "Chinese Cordyceps gwmii” was not con-specific with 
Tasmanian samples. The taxonomic status of this fungus should be re-investigated. 
Samples from China and Tasmania could be collected. Thorough morphological and 
molecular analyses could be carried out to differentiate the two species. 
4.5 Conclusion 
The importance of species identification in food and drug authentication was 
demonstrated by a valuable TCM, Dongchongxiacao, and a luxurious food 
commodity, abalone, in this study. Molecular analyses by FINS analysis and 
specifically-designed PCR primer for target species were carried out to identify the 
source species of the genuine samples and catch the counterfeits. 
In authentication of Dongchongxiacao, adulteration is not uncommon. Fungal 
part of 16 out of 22 samples were identified to be Ophiocordyceps sinensis and are 
authentic while six out of 22 samples contained adulterants or contaminants from 
various sources, including other Cordyceps species, Metacordyceps taii and 
“Cordyceps gmrnif, from China, another Chinese herbal medicine DiCan sourced 
from plant rhizome of Stachys species or contaminated by potassium alum. 
In authentication of abalone samples, adulterants were also reported. Nine out of . 
nine fresh, frozen and canned intact abalone products were identified as various 
Haliotis species and hence are authentic, while three out of three abalone products 
labeled "dried abalone slices" were adulterants by a gastropod species. However, in 
the FINS analysis, there is no corresponding sequences highly matching with these 
samples, the exact species identity of these samples reminded unknown. Besides, a 
Haliotis-s^ QQA i^c primer was designed, and it allows rapid and reliable detection of 
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abalone in abalone-derived products. 
Molecular analyses were frequently applied in this study. FINS analysis, a 
sequencing-based method, and specific primer utilization, a PCR-based method, are 
demonstrated to be some useful tools for identifying source species in herbs and 
drugs, which may be sourced from animals (abalones, host of Dongchongxiacao), 
plants (Dican, an adulterant of Dongchongxiacao) and fungi {Ophiocordyceps 
sinensis and other Cordyceps species). It can also be applied in different sample 
conditions, including fresh (abalone samples), dried (Dongchongxiacao, dried 
abalone) and processed (canned abalone) foods and drugs. Molecular authentication 
for standard species identification is undoubtedly an important and useful tool in 
food authentication. However, instead of solely a routine process of possible 
substitution detection, molecular authentication should be assisted by morphological 
and chemical analyses to give a full and complete picture in food and drug 
authentication, so as to protect consumers and producers in terms of ensuring 
primary healthcare, food and herb safety and conservation. 
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Appendix 2. Accession numbers of sequences of Dongchongxiacao and Cordyceps 
samples in this study 
Code Caterpillar Fungi Plant 
CjtB COI ITS iirLSU EF-la rpbl psbA-trnH 
D1 — HM595838 HM595783 HM595873 HM595907 HM595943 
D2 HM595801 HM595839 HM595784 HM595874 HM595908 HM595944 
D3 HM595802 HM595840 HM595785 HM595875 HM595909 HM595945 
D4 HM595803 HM595841 HM595973 HM595876 HM595910 HM595946 
D5 HM595804 HM595842 HM595974 HM595877 HM595911 HM595947 
D6 HM595805 HM595843 HM595975 HM595878 HM595912 HM595948 
D7 HM595806 HM595844 HM595976 — HM595913 HM595949 
D8 HM595807 HM595845 HM595977 HM595879 HM595914 HM595950 
D9 HM595808 HM595846 HM149355 HM149360 HM149365 HM149370 
DIO HM595809 HM595847 HM595978 HM595880 HM595915 — 
D l l HM595810 — HM595979 HM595881 HM595916 — 
D12-1 一 — 一 HM595882 — 一 
D 1 2 - 2 — — 一 — — — H M 5 9 6 0 0 6 ‘ 
D13-1 — 一 一 HM595883 — — 
D13-2 — — — — — — 
D14-1 HM595811 HM595942 HM149356 HM149361 HM 149366 HM149371 
D14-2 HM595812 HM595848 HM595980 HM595884 HM595917 HM595951 
D15 HM595813 HM595849 HM595981 HM595885 HM595918 HM595952 
DCOl HM595814 HM595850 HM595982 HM595886 HM595919 HM595953 
•• DC02-1 HM595815 HM595851 HM595983 HM595887 HM595920 HM595954 
DC02-2 HM595816 HM595852 HM595984 HM595888 HM595921 HM595955 
DC03 HM595817 HM595853 HM595985 HM595889 HM595922 HM595956 
DC04 HM595818 HM595854 HM595986 PIM595890 HM595923 HM595957 > 
DC05 HM595819 HM595855 HM595987 HM595891 HM595924 HM595958 
DC06 IIM595820 HM595856 HM595988 HM595892 HM595925 HM595959 , 
DC07 HM595821 HM595857 HM595989 HM595893 HM595926 HM595960 
CRE2 HM595822 HM595858 HM595990 HM595894 HM595927 — 
CRE3 HM595823 HM595859 — HM595895 HM595928 — 
CRE4 HM595824 HM595860 HM595991 HM595896 HM595929 HM595961 
CXBl HM595825 HM595861 HM595992 HM595897 HM595930 HM595962 
CXB2 HM595826 HM595862 HM595993 HM595898 HM595931 HM595963 
CXB4 HM595827 HM595863 HM595994 HM595899 HM595932 HM595964 
CXB5 HM595828 HM595864 HM595995 HM595900 HM595933 HM595965 
CXB6 HM595829 HM595865 — 一 HM595934 HM595966 
CSCl IIM595830 HM595866 HM595996 HM595901 HM595935 HM595967 
HM595997 
CSC2 HM595831 HM595867 HM595998 HM595902 HM595936 HM595968 
HM595999 ： 
CSC3 HM595832 HM595868 HM596000 HM595903 HM595937 HM595969 
CBDl HM595833 HM595869 HM596001 HM595904 HM595938 HM595970 
HM596002 ‘ 
HM596003 
CSMl HM595834 HM595941 HM596004 HM595905 HM595939 HM595971 
CSM2 HM595835 HM595870 HM149352 HM 1493 57 HM149362 HM149367 、 
CSM3 HM595836 HM595871 HM149353 HM149358 HM149363 HM 149368 i 
CSM4 I I-IM595837 HM595872 HM149354 HM 149359 HM 149364 HM 149369 丨 ’ 
CFl ‘ ‘ HM596005 HM595906 HM595940 HM595972 
ARSEF 5804 ‘ “ HM596015 HM596007 HM596008 HM596009 
, , ,HM596016 .. 
ARSEF 6248 1 ‘ HM 140632 HM140635 HM 140638 HM 140641 . 
‘ HM596013 ‘ 
, HM596014 , . 
ARSEF 6282 ‘ HM140631 HM140634 HM140637 HM140640 
！ HM596010 
‘ ；HM596011 • 
ARSEF 6828 • j HM140630 HM140633 HM140636 HM140639 
I i HM596012 •> .'.'、. 
1 4 9 
Appendix 3. Search results of CytB sequences of caterpillar host of Cordyceps samples 
based on BLAST search results from GenBank 
Code Species (Accession No.) Query Query/ E value Maximum 
coverage Subject identity 
D2 Hepialus yushuensis {NFm311) 100% 428/433 0.0 98% 
D3 Hepialus yushuensis (AF124322) 100% 428/433 0.0 98% 
D4 Hepialusyulongensis (AF124316) 100% 395/437 le-158 90% 
D5 Hepialus yushuensis (AF 124322) 100% 428/433 0.0 98% 
D6 Hepialus yushuensis (AF124322) 100% 428/433 0.0 98% 
D7 Hepialus yushuensis (AF124322) 100% 429/433 0.0 99% 
D8 Hepialus yushuensis (AF124322) 100% 429/433 0.0 99% 
D9 Hepialusyunnanensis (AF124324) 100% 399/436 6e-167 91% 
DIO Hepialus cingiilatus (AF124321) 100% 397/433 4e-168 91% 
D l l Hepialusjianchuanensis (AF124311) 100% 395/436 le-159 90% 
D14-1 Hepialus yunnanensis (AF124324) 100% 398/435 6e-167 91% 
D14-2 Hepialus cingiilatus (AF124321) 100% 397/434 6e-167 91% 
D15 Hepialus yushuensis (AF 124322) 100% 429/433 0.0 99% 
DCOl Hepialus yushuensis (AF124322) 100% 429/433 0.0 99% 
DC02-1 Hepialus jianchuanensis (AF124311) 100% 414/433 0.0 95% 
DC02-2 Hepialus jianchuanensis (AF124311) 100% 414/433 0.0 95% 
DC03 Hepialus yushuensis (AF124322) 100% 429/433 0.0 99% 
DC04 Hepialus yushuensis (AP124322) 100% 429/433 0.0 99% 
DC05 Hepialus menyuanicus (AF124323) 100% 429/433 0.0 99% 
DC06 Hepialus armoricanus (AF124303) 98% 424/428 0.0 99% 
DC07 Hepialus yushuensis (AF124322) 100% 428/433 0.0 98% 
CRE2 Hepialus menyuanicus (AF124323) 100% 429/433 0.0 99% 
CRE3 Hepialus menyuanicus (AF124323) 100% 429/433 0.0 99% 
CRE4 Hepialus menyuanicus (AF124323) 100% 428/433 0.0 98% 
CXBl Hepialus jianchuanensis (AF124311) 100% 400/433 le-173 92% 
CXB2 Hepialus jianchuanensis (AF124311) 100% 399/433 6e-172 92% 
CXB4 Hepialus jianchuanensis (AF124311) 100% 399/433 6e-172 92% 
CXB5 Hepialus jianchuanensis (AF124311) 100% 403/434 6e-177 92% 
CXB6 Hepialus jianchuanensis (AF124311) 100% 405/435 le-178 93% 
CSCl Hepialus yushuensis (AF124322) 100% 429/433 0.0 99% 
CSC2 Hepialus yushuensis (AF124322) 100% 431/433 0.0 99% 
CSC3 Hepialus yushuensis (AF124322) 100% 429/433 0.0 99% 
CBDl Hepialus jianchuanensis (AF124311) 100% 412/433 0.0 95% 
CSMl Hepialus cingiilatus (AF124321) 100% 398/434 le-168 91% 
CSM2 Hepialus cingiilatus (AF124321) 100% 399/434 3e-170 91% 
CSM3 Hepialus yunnanensis (AF124324) 100% 399/435 le-168 91% 
CSM4 Hepialus renzhiensis jPsF 124315) 100% 399/435 le-168 91% 
1 5 0 
Appendix 4. Search results of COI sequences of caterpillar host of Cordyceps samples 
based on BLAST search results from GenBank 
Code Species (Accession No.) Query Query/ E value Maximum 
coverage Subjcct identity 
D1 Korscheltellus lupulinus (AF549607) 97% 545/622 0.0 87% 
D2 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
D3 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
D4 Korscheltellus lupulinus (AF549607) 97% 548/622 0.0 88% 
D5 Korscheltellus lupulinus (AF549607) 97% 552/622 0.0 88% 
D6 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
D7 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
D8 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
D9 Korscheltellus lupulinus (AF549607) 97% 563/620 0.0 90% 
DIO Korscheltellus lupulinus (AF549607) 99% 388/429 2e-156 90% 
D14-1 Metarhizium anisopliae (AY884128) 100% 620/644 0.0 96% 
D14-2 Korscheltellus lupulinus (AF549607) 97% 571/619 0.0 92% 
D15 Korscheltellus lupulinus (AF549607) 97% 551/622 0.0 88% 
DCOl Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
DC02-1 Korscheltellus lupulinus (AF549607) 97% 553/621 0.0 89% 
DC.02-2 Korscheltellus lupulinus (AF549607) 97% 557/620 0.0 89% 
DC03 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
DC04 Korscheltellus lupulinus (AF549607) 97% 548/622 0.0 88% 
DC05 Hepialus humuli (EU141367) 100% 569/638 0.0 89% 
DC06 Korscheltellus lupulinus (AF549607) 97% 551/621 0.0 88% 
DC07 Korscheltellus lupulinus (AF549607) 97% 553/622 0.0 88% 
CRE2 Korscheltellus lupulinus (AF549607) 97% 564/622 0.0 90% 
CRE3 Korscheltellus lupulinus (AF549607) 97% 564/622 0.0 90% 
CRE4 Korscheltellus lupulinus (AF549607) 97% 564/622 0.0 90% 
CXBl Korscheltellus lupiilimis (AF549607) 97% 557/620 0.0 89% 
CXB2 Hepialus humuli (EU141367) 100% 565/642 0.0 88% 
CXB4 Korscheltellus lupulinus (AF549607) 97% 551/622 0.0 88% 
CXB5 Hepialus humuli (EU141367) 100% 569/640 0.0 88% 
CXB6 Korscheltellus lupulinus (AF549607) 97% 555/623 0.0 89% 
CSCl Korscheltellus lupulinus (AF549607) 97% 551/622 0.0 88% 
CSC2 Bonatea duciata (GU148235) 100% 379/436 2e-131 86% 
CSC3 Korscheltellus lupulinus (AF549607) 97% 563/622 0.0 90% 
CBDl Korscheltellus lupulinus (AF549607) 97% 557/620 0.0 89% 
CSMl Metarhizium anisopliae (AY884128) 100% 618/644 0.0 95% 
CSM2 Korscheltellus lupulinus (AF549607) 97% 569/619 0.0 91% 
CSM3 Korscheltellus lupulinus (AF54'9607) 97% 567/619 0.0 91% 
CSM4 Korscheltellus lupulinus (AF549607) 97% 568/619 0.0 91% . 
1 5 1 
Appendix 5. Search results of COI sequences of caterpillar host of Cordyceps samples 
based on BLAST search results from GenBank 
Code Species Similarity (%) 
D1 Hepiahis hecta 89.22 
D2 Phymatopus behrensii 90.32 
D3 Sthenopis piirpurascens 90.00 
D4 Hepiahis hecta 89.88 
D5 Phymatopus behrensii 90.27 
D6 Phymatopus behrensii 90.27 
D7 Phymatopus behrensii 90.32 
D8 Phymatopus behrensii 90.32 
D9 Oxycanus sp. 93.02 
D10 Oxycanus sp. 94.13 
D14-1 Metarhizinm anisopUae 97.15 
D14-2 Oxycanus sp. 94.13 
D15 Phymatopus behrensii 90.00 
„ DCOl Phymatopus behrensii 90.32 
DC02-1 Sthenopispurpiirascens 90.50 ” 
DC02-2 Sthenopis purpiirascens 90.50 
DC03 Phymatopus behrensii 90.32 
DC04 Hepiahis hecta 89.70 
DC05 Stenoopis argenteomaculatus 91.75 
DC06 Hepialus hecta 90.83 
DCOT Sthenopis purpiirascens 90.05 
CRE2 Sthenopis piirpurascens 92.28 
CRE3 Sthenopis purpurascens 92.28 
CRE4 Sthenopis piirpurascens 92.28 
CXBl Phymatopus californictis 90.00 
CXB2 Hepialus hecta 89.56 
CXB4 Hepialus hecta 89.56 
CXB5 Phymatopus behrensii 90.79 
CXB6 Phymatopus behrensii 90.79 
CSCl Phymatopus behrensii 90.30 
CSC2 Elhamma australasiae 89.44 
CSC3 Phymatopus behrensii 91.55 
CBDl Sthenopis piirpurascens 92.28 
CSMl Metarhizinm anisopUae 96.61 .. 
CSM2 Oxycanus sp, 94.29 • 
CSM3 Oxycanus sp. 93.81 . 
CSM4 Oxycanus sp. 93.81 
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Appendix 22. Accession numbers of sequences of abalone and gastropod samples in 
this study 
Code ^ COI 
Al HM595765 HM595786 
A2 HM595766 HM595787 
A3 HM595767 HM595788 
A4 HM595768 HM595789 
A5 HM595769 HM595790 
B1 HM595770 HM595791 
B2 HM640234 HM640231 
B3 HM640235 HM640232 
CI HM595771 HM595792 
C2 HM595772 HM640235 
C3 HM595773 HM595793 
C4 HQ268530 — 
D1 HM595774 HM595794 
D2 HM595775 HM595782 
D3 HM595776 HM595795 
D4 HM595777 HM595796 
El HM595778 HM595797 
E2 HM595779 HM595798 
E3 HM595780 HM595799 
E4 HM595781 HM595800 
E5 HQ223086 HQ268529 
2 2 7 
Appendix 23. Search results of 16S rDNA sequences of the abalone and gastropod 
samples based on BLAST search results from GenBank 
Code Species (Accession No.) Query Query/ E Maximum 
coverage Subject value identity 
Al Haliotis diversicolor (EU244422) 99% 475/481 0.0 98% 
A2 Haliotis discus (EU595789) 99% 472/477 0.0 98% 
A3 Haliotis asinina (AY163259) 99% 472/477 0.0 98% 
A4 Haliotis rufescens (AY650164) 94% 452/454 0.0 99% 
A5 Haliotis midae (AY650167) 95% 452/457 0.0 98% 
B1 Haliotis midae (AY650167) 95% 452/457 0.0 98% 
B2 Haliotis discus (EU595789) 100% 423/423 0.0 100% 
B3 Haliotis madaka (AY146394) 100% 423/423 0.0 100% 
CI Haliotis rubra (AY588938) 99% 475/481 0.0 98% 
C2 Haliotis iris (DQ279807) 99% 472/478 . 0.0 98% 
C3 Haliotis midae (AY650167) 95% 450/457 0.0 98% 
C4 Haliotis corrugata (FJ977707) 100% 422/423 0.0 99% 
D1 Cymbium olla (EU827199) 99% 429/467 0.0 91% 
D2 Cymbium olla (EU827199) 99% 429/467 0.0 91% 
D3 Cymbium olla (EU827199) 99% 428/467 4e-179 91% 
D4 Dosidicus gigas (GU324169) 97% 381/382 0.0 99% 
El Concholepas concholepas (EU815824) 99% 459/464 0.0 98% 
E2 Hemifusus tuba (AB044272) 99% 470/477 0.0 98% 
E3 Hemifusus tuba (AB044272) 99% 468/479 0.0 97% 
E4 Concholepas concholepas (FN677453) 100% 409/410 0.0 99% 
E5 Cymbium olla (EU827199) 100% 381/414 3e-160 92% 
2 2 8 
Appendix 24. Search results of COI sequences of the abalone and gastropod samples 
based on BLAST search results from GenBank 
Code Species (Accession No.) Query Query/ E value Maximum 
coverage Subject identity 
Al Haliotis diversicolor (FJ197685) 100% 604/605 0.0 99% 
A2 Haliotis discus (AM049335) 100% 605/605 0.0 100% 
A3 Haliotis asinina (AY923917) 93% 565/567 0.0 99% 
A4 Haliotis rufescens (EU636201) 99% 556/558 0.0 99% 
A5 Haliotis midae (AY923921) 98% 565/568 0.0 99% 
B1 Haliotis midae (AY923921) 98% 558/560 0.0 99% 
B2 Haliotis discus (EU595789) 100% 534/535 0.0 99% 
B3 Haliotis madaka (AB236715) 100% 532/535 0.0 99% 
CI Haliotis rubra (AY588938) 100% 567/579 0.0 97% 
‘ C 2 Haliotis iris (AF060854) 97% 523/524 . 0.0 99% 
C3 Haliotis midae (AY923921) 98% 565/568 0.0 99% 
C4 — — — — — 
D1 Cymbium olla (EU827199) 98% 530/597 0.0 88% 
D2 Vibrio sp. (CP001806) 99% 586/597 0.0 98% 
D3 Cymbium olla (EU827199) 99% 535/601 0.0 89% 
D4 Dosidicus gigas (GU324203) 100% 547/547 0.0 100% 
El Concholepas concholepas (EU517380) 99% 600/603 0.0 99% 
E2 Hemifusus ternatanus (AY885130) 100% 604/605 0.0 99% 
E3 Hemifusus colosseus (EU086522) 100% 605/605 0.0 100% 
E4 Concholepas concholepas (EU517363) 100% 547/547 0.0 100% 
E5 Cymbium olla (EU827199) 99% 486/544 0.0 89% 
2 2 9 
Appendix 25. Search results of COI sequences of the abalone and gastropod samples 
based on BOLD-IDS 
Code Species Similarity (%) 
Al Haliotis diversicolor 99.83 
A2 Haliotis discus 100.00 
A3 Haliotis asinina 99.64 
A4 Haliotis rufescens 100.00 
A5 Haliotis midae 99.43 
B1 Haliotis midae 99.81 
B2 Haliotis discus 100 
B3 Haliotis discus 99.05 
CI Haliotis rubra 98.85 
C2 Haliotis iris 99.81 
C3 Haliotis midae 99.81 
C 4 - -
D1 A Icithoe wilsonae 83.69 
D2 Hymenodora sp. 98.66 
D3 Alcithoe wilsonae 83.69 
D4 Dosidicus gigas 99.63 
El Concholepas concholepas 99.50 
E2 Hemifusus tematanus 99.83 
E3 Hemifusus colosseus 100 
E4 Concholepas concholepas 100 
E5 Alcithoe flemingi 83.52 
t • 
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